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The  following  tables  were  compiled  nnder  the  direction  and 
superintendence  of  Mr.  Henrj  S.  Bright  of  Hull,  and  published 
by  him  in  the  year  1854.  He  has,  in  the  most  liberal  way, 
placed  them  at  my  disposal  for  insertion  in  the  Journal,  and  has 
had  additional  tables  prepared,  which  make  the  series  complete 
up  to  the  present  time.  They  contain,  in  small  compass  and 
accessible  form,  the  principal  statistics  of  the  com  trade  since 
the  year  1828,  as  well  as  the  average  price  of  wheat  for  the  last 
two  centuries,  and  will  be  found  valuable  to  the  politician  and 
the  financier  as  well  as  to  the  farmer. — H.  S.  T. 
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II. — Report  on  the  Agricultural  Department  of  the  Paris  Exhi- 
bition. By  J.  Evelyn  Denison,  M.P.,  Vice-President  of  the 
Jury  for  Class  III.     Agriculture. 

To  the  Right  Hon.  the  Lord  Stanley  of  Alderley,  President  of  the 
Board  of  Trade,  &c. 

My  Lord, — ^The  International  Jury  of  Agriculture  (Class  III.) 
of  the  Paris  Exhibition  consisted  of, — 

Count  de  Gasparin,  President  .  .         .  .  France. 
Evelyn  Denison,  Vice-President  .  .  England. 

Count  Herve  de  Kergorlay,  Secretary       France. 

Boussingault         France. 

Barral        France. 

Yvart  France. 

Dailly        France. 

Vilmorin  (Louis) France. 

Monny  de  Momay  France. 

Robinet France. 

Delehaye Belgium. 

De  Mathelin  (Leopold) Belgium. 

Ramon  de  la  Sagra  Si)ain. 

Dietz  (Grand  Duchy 

1  of  Baden. 

Baron  de  Riese  Stallbourg         .  .         .  .  Austria. 
Dr.  Arenstein Austria. 


Baron  Delong 
Wilson,  J. 
Amos,  C.  E. 

Nathorst,  J.  T. 


.  .  Denmark. 
.  .  England. 
.  .  England. 

(Sweden  and 
'  *(   Norway. 

It  was;  quite  time  that  France  and  England  should  be  better 
known  to  each  other,  and  that  it  should  be  made  apparent  what 
great  benefits  would  accrue  to  both  countries  from  an  improved 
acqu^ntance  and  extended  intercourse. 

Up  to  the  year  1851,  till  the  time  of  the  Exhibition  of  London, 
we  are  told  by  a  French  writer  of  high  authority,*  "  that  in 
France,  more  perhaps  than  elsewhere,  notwithstanding  our  near 

*  M.  Leonce  de  Lavergne,  aathor  of  *  Essai  sur  rEconomie  Rnrale  de  I'Angle- 
fterre,  de  TEcosse,  et  d'Irlande.'  This  essa^  formed  part  of  a  coarse  of  lectures 
delivered  at  the  Institat  National  Agronomique.  The  information  it  contains,  as 
regards  the  condition  and  prospects  of  agriculture  in  these  islands,  is  so  correct, 
aaa  exhibits  such  a  thorough  knowledge  of  the  subject  in  all  its  branches,  that  it 
is  a  reasonable  assumption,  that  an  author  who  writes  so  accurately  about  Uie  affairs 
of  a  fi>rei^  country  may  be  relied  upon  when  treating  of  his  own.  This  essay  has 
gone  through  two  editions  in  France,  has  been  translated  into  English,  and  has 
nodergone  the  ordeal  of  Scotch  criticism. 
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proximity,  an  opinion  had  prevailed  that  in  England  a^icoiture 
had  been  neglected  in  favour  of  trade  and  commerce.  The  tariff 
regulations  of  Sir  R.  Peel,  not  well  understood  in  their  design 
or  in  their  consequences,  had  tended  to  fortify  this  assumption. 
Nothing,  therefore,  created  more  surprise  than  the  vast  collection 
of  agricultural  implements  which  the  Exhibition  of  London  con- 
tained, and  the  proof  they  afforded  of  the  high  development  of 
agricultural  skill  and  science  in  the  United  Kingdom,** 

It  has  been  reserved  for  the  Paris  Exhibition  of  1855  to  give 
new  force  to  these  impressions ;  to  carry  into  the  heart  of  France, 
and  to  display  before  the  eyes  of  hundreds  of  thousands  of  spec- 
tators, these  evidences  of  the  skill  of  our  machine^makers,  placed 
in  immediate  contrast  with  the  works  of  their  competitors  from 
all  quarters  of  the  world. 

The  approach  between  the  two  nations,  which  was  invited  by 
the  Exhibition  of  1851,  has  been  advanced  and  quickened  by  the 
Exhibition  of  1855.  The  cordial  and  friendly  reception  given 
to  Englishmen  of  all  classes  in  Paris  has  been  thoroughly  appre- 
ciated and  responded  to — new  interests  have  been  called  into 
action.  The  advantages  to  be  derived  by  both  people  from  a 
more  free  communication  have  forced  themselves  upon  public 
attention,  and  have  taken  root  in  public  opinion.  Such  a  result 
alone  would  be  worth  all  the  labour  and  all  the  cost  of  both  Ex- 
hibitions. 

It  was  not  till  the  25th  of  October,  shortly  before  the  close  of 
the  Exhibition,  that  I  was  made  acquainted  with  your  Lordship's 
wish,  that  I  should  furnish  a  report  on  the  Class  of  Agriculture. 
If  I  had  known  this  wish  at  an  earlier  period,  some  matters, 
especially  matters  of  detail,  might  have  been  noted,  which  it 
would  not  be  easy  now  to  go  back  upon.  But  I  bear  in  mind 
that  this  is  not  a  report,  accompanying  and  justifying  an  adjudi- 
cation of  prizes.  Such  a  report  will  be  furnished  to  the  Imperial 
Commission  by  officers  specially  appointed  in  each  class,  and 
will  be  accessible  to  all. 

The  terms  of  the  letter  addressed  to  me  by  your  Lordship's 
directions  are,  ''  That  I  would  furnish  a  report,  to  be  laid  before 
Parliament,  of  the  position  which  the  United  Kingdom  held  in 
the  Paris  Exhibition,  compared  with  foreign  countries,  in  the 
Class  of  Agriculture,  and  the  progress,  if  any,  which  has  been 
made  since  1851  in  respect  of  this  class  of  objects." 

I  propose  to  follow  the  course  pointed  out  in  this  letter  of 
instructions. 

It  may  be  well  to  consider  at  the  outset  the  position  of  the  two 
countries  as  regards  agricultural  practice  at  the  present  moment. 
Such  a  picture,  fuU  of  life  and  interest,  has  been  drawn  to  our 
hands  by  the  able  pen  to  which  I  have  already  referred.     As  the 
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comparison  is  Twy  farourable  to  this  covintiy,  I  prefer  to  emploj 
the  words  of  a  French  author  rather  than  to  make  use  of  tny 
own. 

In  natural  g^ifts  of  sml  and  of  climate  the  advantages  are  bejond 
all  question  on  the  side  of  France.  It  maj  be  that  France  has 
relied  too  much  on  these  excellent  gifts,  while  England,  less 
favoured,  has  been  urged  by  her  necessities  to  increased 
exertions. 

Systems  op  Cultivation. 

**  France  has  devoted  herself  too  exclusively  to  the  production 
of  com  crops,  which  are  the  immediate  food  of  man,  without 
sufficiently  considering  the  means  necessary  to  uphold  the  fertility 
of  the  soil  under  this  exhausting-  process.  England,  on  the  con- 
trary, has  been  led,  pardy  by  the  nature  of  the  climate,  partly  by 
design,  to  take  a  sort  of  by-path,  which  reaches  com  crops 
throogh  the  intervention  of  green  crops ;  finding,  in  the  rearing 
of  cattle  and  the  supply  of  manure,  the  restorative  process  which 
is  necessary. 

^'The  eiqperiment  has  entirely  succeeded,  and  is  extending 
itself  day  by  day  ;  and  the  remarkable  fact  is,  that  in  proportion 
as  the  head  of  cattle  increases  the  quantity  of  corn  increases  also ; 
the  gain  in  intensity  exceeds  the  loss  in  extent.  Thus,  on  a  sur- 
face of  31,000,000  of  hectares,  reduced  to  20,000,000  by  the 
waste  lands,  the  British  isles  produce  more  food  for  animals  than 
the  entire  surface  of  France,  of  double  the  extait.*  Hence  the 
supply  of  manure  is  in  proportion  three  or  four  times  greater. 
The  average  produce  per  hectare  in  France  is  6  hectolitres  of 
wheat,  about  5  of  rye,  and  1  of  maize  or  buckwheat ;  collectively 
about  11  hectolitres.  In  England,  25  hectolitres  of  wheat  (3^ 
quarters  per  acre),  more  than  double  in  quantity,  and  three  times 
more  in  saleable  value.  Scotland  and  Ireland  are  included  in 
this  estimate.  If  the  comparison  is  made  with  England  alone^ 
the  results  are  far  more  striking.  This  little  country,  not  larger 
than  one-fourth  of  France,  produces  38,000,000  of  hectolitres  of 
wheat,  16,000,000  of  barley,  34,000,000  of  oats.  If  France  pro^ 
duced  as  much  in  proportion,  she  would  produce,  deducting  seed, 
150,000,000  hectolitres  of  wheat,  200,000,000  of  oats  and  other 
grains  ^  that  is,  at  least  double  her  actual  production. 

^*  Taking  all  products  into  account,  animal  and  vegetable,  it 
appears  that  the  produce  of  England,  per  hectare,  nearly  doubles 
that  of  France. 

**  The  great  lesson  which  these  figures  teach,  beyond  the  dis- 
proportion of  the  results,  is  the  relation  of  vegetable  to  animal 

*  I  preserve  the  French  measares,  together  with  the  calcttlations  of  the  author. 
The  mnch  heetare  Is  equal  to  2*471  English  acres. 
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products.  In  France  the  vegetable  products  form  four-sixths  of 
the  whole,  and  the  animal  products  two-sixths  only ;  showing  at 
first  sight  an  exhausting  cultivation,  and  one  at  least  stationary. 
In  the  United  Kingdom  the  animal  products  are  equal  to  the 
vegetable.  Tlius  the  animal  products  alone  of  an  English  farm 
are  equal  to  the  entire  products,  animal  and  vegetable,  of  a  French 
farm  of  the  same  extent. 

Sheep. 

"The  most  remarkable  feature  of  British  farming,  in  com- 
parison with  that  of  France,  is  the  number  and  quality  of  the 
sheep.  According  to  the  statistical  returns  and  estimates,  the 
number  of  sheep  in  France  and  in  England  is  about  equal,  about 
35,000,000  of  sheep  in  France  and  35,000,000  in  England.  But 
this  apparent  equality  conceals  an  inequality  the  most  marked. 
35,000,000  of  sheep  in  the  United  Kingdom  live  on  31,000,000 
hectares  of  land.  35,000,000  of  sheep  in  France  live  on  53,000,000 
hectares.  France,  in  order  to  have  as  many  sheep  in  proportion 
as  the  United  Kingdom,  ought  to  have  60,000,000.  If  the  com- 
parison is  made  with  England  alone,  the  difference  is  far  greater. 
England  feeds  30,000,000  of  sheep  on  15,000,000  hectares  of 
land ;  that  is,  proportionally,  three  times  as  many  as  France. 

"  But  the  great  difference  is  in  the  quality  of  the  sheep,  upon 
the  breeding  and  improving  of  which,  with  a  view  to  weight  and 
early  maturity,  so  much  care  and  attention  has  been  bestowed. 
The  weight  of  an  English  sheep  is  twice  that  of  a  French  sheep ; 
so  that  an  English  farm  on  an  equal  surface  gives  six  times  as 
much  mutton  as  a  French  farm. 

Horned  Cattle. 

"  In  the  case  of  cattle,  the  same  care  in  breeding  from  selected 
animals  in  the  United  Kingdom,  and  continually  improving  the 
races,  in  studying  meat-producing  qualities  and  early  maturity, 
has  effected  results  similar  to  the  results  produced  in  sheep. 
France  possesses  10,000,000  head  of  cattle,  the  United  Kingdom 
8,000,000.  In  France,  three  products  are  demanded  from  cattle 
— labour,  milk,  and  meat:  in  England  only  two — milk  and 
meat.  The  yield  of  these  two  valuable  productions  is  materially- 
interfered  with  by  requiring  work  also  from  cattle.  It  might 
appear,  at  first  sight,  that  the  work  of  cattle  could  not  in  an 
important  degree  influence  the  supply  of  meat,  and  it  is  not  diffi- 
cult for  people  to  persuade  themselves  that  labour  in  utilising  the 
life  of  an  ox  enables  meat  to  be  sold  at  a  lower  price.  But  expe- 
rience has  proved,  that  if  this  is  sometimes  a  truth  in  detail,  \;t  is 
an  error  in  the  gross. 

"  The  habit  of  labour  forms  hardy,  vigorous  races,  which,  like 
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men  devoted  to  hard  work,  eat  much,  fatten  slowly,  develop  their 
bony  structure,  make  little  flesh,  and  make  it  slowly.  The  hahit 
of  inaction,  on  the  contrary,  forms  races,  gentle,  tranquil,  which 
fatten  early,  assume  round  and  fleshy  forms,  and  give  with  equal 
food  a  far  larger  yield  to  the  butcher.  If  we  look  to  labour,  the 
ox  is  killed  when  he  has  finished  his  task.  If  we  look  to  meat, 
the  ox  is  killed  at  the  moment  when  he  yields  the  largest  amount. 
Cattle  in  France  are  killed  too  young  or  too  old;  among  the 
4,000,000  head  killed,  figure  2,000,000  calves,  giving  each  only 
30  kilogrammes  of  meat.  Those  which  survive  are  killed  at  an 
age  when  the  growth  has  long  ceased,  i.  c,  when  the  animal  has 
long  been  consuming  nourishment  which  has  not  added  to  his 
weight. 

^^  In  England,  on  the  contrary,  animals  are  killed  neither  so 
young,  because  in  their  youth  they  make  the  most  meat,  nor  so 
old,  because  then  they  make  none.  The  moment  is  seized  when 
the  animal  has  reached  his  maximum  of  increase. 

"In  France  the  number  of  animals  killed  annually  is  about 
4,000,000  head,  producing  400  000,000  kilogrammes  of  meat, 
averaging  therefore  100  kilogrammes  per  head. 

"In  the  United  Kingdom  the  number  killed  is  2,000,000, 
producing  500,000,000  kilogrammes  of  meat,  averaging  250  kilo- 
grammes per  head. 

"Thus,  with  8,000,000  head  of  cattle  and  30,000,000  hectares 
of  land,  British  agriculture  produces  500,000,000  kilogrammes 
of  meat;  while  France,  with  10,000,000  head  of  cattle  and 
53,000,000  hectares  of  land,  produces  only  400,000,000  kilo- 
grammes. 

Such  a  description  of  the  high  attainments  of  English  agri- 
culture having  been  placed  before  the  public  of  France,  it  was 
natural  that  great  expectations  should  have  been  formed  both  as 
to  the  display  of  live  stock  and  the  exhibition  of  agricultural 
implements.  Nor,  I  venture  to  say,  were  these  expectations 
disappointed.  The  cattle  of  our  improved  breeds  found  a  crowd 
of  admirers  and  many  purchasers.  The  Durham  short-horns  have 
been  imported  largely  into  France  for  some  years  by  the  agents 
of  the  French  Government,  and  very  good  specimens  of  this  race, 
bred  in  France,  were  exhibited.  The  first  prize,  for  young  bulls 
of  the  Durham  breed,  was  awarded  to  the  Marquis  de  Talhoust, 
for  a  bull  sixteen  months  old.  More  surprise  was  created  by  our 
sheep,  especially  by  the  large  size  and  admirable  symmetry  of 
our  South  Downs.  The  jury  decided  that  a  gold  medal  of  the 
iirst  class  should  be  struck  in  the  name  of  Mr.  Jonas  Webb,  for 
the  collection  of  South  Down  sheep,  bred  and  exhibited  by  him- 
self.    The  cattle  show  took  place  before  the  juries  for  the  Palace 
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of  Industry  were  summoned  to  Paris ;  I  bad  not  the  go6d  fortone 
myself  to  see  the  show.  The  deputation  who  accompanied  the 
President  of  the  Royal  English  Agricoltnral  Society,  were  greatly 
pleased  with  the  excellent  arrangements  of  the  show,  and  with 
some  of  the  continental  hreeds  of  cattle,  especially  with  the  French 
Charolais  race,  as  very  good  in  themselves,  and  offering  a  stock 
very  suitable  for  crossing  with  short-horn  bulls;  also  with  the 
M^tis-merino  sheep,  pointing  out  the  road  which  French  breeders 
must  pursue  to  accomplish  the  end  of  their  mission — the  supply 
of  meat  at  a  reasonable  pricq  to  the  markets  of  France.  Though 
horses  formed  no  part  of  the  show,  I  must  not  omit  to  mention 
tiie  race  of  draught  horses,  known  by  the  name  of  Percheron. 
They  are  strong,  muscular,  hardy  horses,  of  great  power  and 
activity,  worthy  the  attention  of  English  breeders,  better  suited  for 
the  quickened  step  of  improved  farming  than  the  heavier  sort  of 
English  cart  horse. 

The  collection  of  agricultural  implements  was  formed  by  Mr, 
Brandreth  Gibbs,  under  the  direction  of  the  Board  of  Trade, 
assisted  by  a  committee  of  the  English  Agricultural  Society. 
The  selection  was  made  with  great  judgment ;  the  implements 
sent  were  not  too  numerous,  and  they  were  all  of  established 
excellence.  They  consisted  of  ploughs,  harrows,  cultivators, 
broadshares,  drills,  horse-hoes,  rakes,  rollers,  reaping  machines, 
haymakers,  &c.,  portable  steam-engines,  threshing-machines, 
chaff-cutters,  corn-crushers,  and  machines  for  making  draining 
tiles.  But  the  French  system  of  classification  placed  in  the  list 
of  agricultural  implements  those  implements  only  which  are  used 
in  the  fields.  It  removed  the  articles  last  on  the  list — threshing- 
machines,  chaff-cutters,  corn-crushers,  machines  for  making  drain- 
ing tiles — from  the  jury  of  agriculture,  and  placed  them  in  Class 
VI.,  "  Mecanique  speciale."  This  led  to  some  practical  incon- 
venience in  the  conduct  of  the  trials,  and  to  a  seeming  incon- 
sistency connected  with  the  change  made  in  the  tariff  of  duties, 
of  which  I  shall  presently  speak. 

The  first  trial  of  implements  took  place  on  the  7th  of  July,  at 
Trappes,  about  ten  miles  beyond  Versailles,  on  the  farm  of  M. 
Dailly,  a  member  of  the  jury,  who  afforded  every  possible  accom- 
modation and  the  most  liberal  hospitality  both  to  the  exhibitors 
and  the  members  of  the  jury. 

The  day  was  chiefly  devoted  to  the  trial  of  ploughs  ;  an 
English  hay-maker  was  exhibited,  and  tried  on  newly-mown 
lucem.  In  England  it  is  employed  generally  only  for  meadow 
grass,  for  which  it  is  best  suited.  Though  a  machine  of  very 
long  standing  in  this  country,  it  i^peared  to  be  a  novelty  in 
France,  and  was  much  admired  and  approved. 
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Subjoined  is  the  report  of  the  experiment  on  ploughs,  furnished 
by  Mr.  Amos,  mj  colleague,  consulting  engineer  of  the  English 
Agricultural  Society^  who  assisted  at  the  trials. 

Trials  of  pLOuans. 

Trapes,  July  7th,  1856. 

Fifteen  w^:e  used  from  various  countries.  A  great  difficulty 
Was  experienced  in  obtaining  the  names  and  addresses  of  the 
exhibitors,  through  the  cards  or  marks  not  being  placed  on  them. 
This  accounts  for  the  imperfection  of  the  first  column,  viz., 
"Makers'  Names." 

The  land  was  light^  and  offered  but  little  resistance  to  well- 
Kiade  ploughs,  but  the  experiments  would  have  been  more  valu- 
able had  more  "  field  room  "  been  given,  so  that  each  plough 
could  have  made  three  or  four  turns  before  the  dynamometer 
Was  applied.  Each  plough  should  also  have  worked  to  the  same 
depths  as  the  ground  was  harder  at  bottom. 

The  ** ground"  is  also  usually  harder  near  the  old  "water 
fiirrow,"  and  lighter  near  the  old  "  ridge ; "  hence  each  plough 
should  have  had  a  "  land  "  or  "  ridge  "  to  itself,  and  then,  had 
tlie  dynamometer  been  applied  at  an  equal  distance  from  the  old 

*  furrow,"  greater  truth  would  have  been  obtained. 

The  dynamometers  tried  were  one  provided  by  the  French, 
one  from  Denmark,  and  one  from  England  (by  Bentall).  The 
latter  was  used,  but  it  is  imperfect  when  used  witli  ploughs  of 

*  light  draugfht,"  as  it  gives  the  "  resistance  "  of  such  ploughs 
too  small.  This  arises  from  the  driving  "  disc-plate  "  having  a 
hole  in  its  centre ;  and  although  that  hole  is  of  no  consequence 
or  inconvenience  when  ploughs  are  used  on  "  heavy  land,"  yet 
when  used  with  ploughs  of  small  resistance  on  "  light  lands,^' 
&e  spring  of  the  dynamometer  is  not  compressed  enough  to  keep 
the  "  driving-disc  "  clear  of  the  hole  ;  hence  the  "  registration  " 
is  too  small  with  light  ploughs.  This  may  account  in  some 
degree  for  the  difference  (as  recorded)  in  the  draught  of  the 
ploughs  of  our  best  makers. 

The  following  table  gives  the  length,  breadth,  and  depth  of 
"earth  removed,"  which,  being  multiplied  together,  gives  a 
"  total "  in  cubic  feet.  The  tabular  number  in  the  seventh 
column  is  the  number  recorded  by  the  dynamometer.  This 
number  in  each  case  multiplied  by  100,  and  the  product  divided 
by  the  number  of  cubic  feet  of  earth  removed  in  each  experiment, 
gives  the  tabular  numbers  in  the  eighth  column.  The  numbers 
in  the  eighth  column  show  the  "  comparative  cost "  or  "  expendi- 
ture of  power  ^^  of  removing  an  equal  quantity  of  land,  the  lower 
number  showing  the  greater  degree  of  excellence  of  the  implement. 
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In  can*ylng  out  the  details  of  the  experiments,  the  able  assist- 
ance rendered  me  by  Mr.  Edward  Combes,  C.E.,  of  Paris  (a 
gentleman  recommended  by  Professor  Wilson),  was  eminently 
useful.  G.  E.  Amos. 

The  trials,  for  the  reasons  above  mentioned,  cotild  not  be  con- 
sidered entirely  complete  or  satisfactory.  The  indications  of  the 
dynamometer  were  unduly  favourable  to  the  ploughs  of  the 
lightest  draught ;  but  making  the  fullest  allowance  for  this,  the 
difference  between  the  resistance  offered  by  the  different  ploughs 
will  appear  very  remarkable. 

The  best  French  plough,  the  "  Grignon,"  was  light,  cheap, 
simple  in  construction,  and  did  very  good  work ;  but  in  com- 
parison with  Howard's  plough,  the  dynamometer  marked  29  as 
against  16 ;  in  comparison  with  the  best  Belgian  plough, 
"Odeurs,"  57  as  against  16.* 

It  was  objected  against  the  English  ploughs,  and  indeed 
against  the  English  machines  in  general,  that  they  were  too 
heavy  and  too  costly  ;  but  the  trials  showed  that  a  light  plough 
does  not  always  make  light  work,  nor  is  an  implement,  cheap  at  * 
first  cost,  always  the  cheapest  in  the  end.  The  same  objections 
against  iron  ploughs,  and  in  favour  of  the  old  wooden  ones,  have 
been  freely  made  ^at  home,  but  they  are  passing  away  under  a 
longer  experience.  To  do  good  work  in  the  field  you  must  have 
strong  and  well-construited  implements.  The  best  implements 
are  the  cheapest  in  the  end ;  they  are  fast  superseding  inferior 
inachines  at  home,  and  they  will  no  doubt  in  time  obtain  the 
same  preference  wherever  they  shall  be  put  fairly  to  the  test.f 
The  value  of  solidity  and  strength  was  fully  recognised  in  the 
unplements  akin  to  ploughs,  drags,  scarifiers,  and  broadshares, 
bj  which  so  much  of  the  labour  on  the  best  cultivated  farms  is 
«iow  effected.  The  implements  by  Garrett,  Bentall,  and  Cole- 
inan  were  the  first  of  their  class,  and  their  superiority  was  not 
t^ontested. 

The  position  of  the  English  exhibitors  of  agricultural  imple- 
Joents  was  not  an  encouraging  one.  They  sent  specimens  of 
their  newest  inventions  and  most  approved  machinery.  These 
'Jiight  be  examined,  copied,  purchased  as  models,  by  foreign 
^mpetitors.  The  individual  machines  exhibited  might  indeed 
be  sold  at  the  close  of  the  Exhibition,  on  the  payment  of  a  duty 

*  Farther  trials  on  the  1st  and  2nd  of  August,  and  on  the  14  th  and  15th  of 
■^ttgust,  made  with  the  dynamometer  of  General  Morin,  varied  in  some  degree 
^eie  results.  They  were  made  in  the  absence  of  the  English  makers  and  their 
•orkmen.    They  were  favourable  to  the  light  draught  of  the  Grignon  plough. 

t  Howard's  plough  was  bought  on  the  ground  for  the  Government  Establish- 
'ttent  at  Grignon. 
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of  20  per  cent,  ad  vdhrem.  But  tlie  sale  of  a  single  machine 
was,  of  course,  a  most  inadequate  eompensation  for  the  tronUe 
and  expense  incident  upon  the  Exhibitimi ;  nothing  more,  how<> 
ever,  was  in  view.  The  duty  on  the  importation  of  machinery 
was  so  high,  that  it  amounted  to  a  prohibition.  It  was  not  to  be 
expected,  under  such  circumstances,  that  any  great  zeal  or  en- 
thusiasm should  prevail  among  the  English  machine-makers^ 
busy  at  that  moment  in  preparation  for  the  Carlisle  show.  StiU, 
when  notice  was  given  of  the  intended  trials  at  Tmppes,  at  a  few 
days'  warning  <mly,  several  of  the  makers  themselves  came  over,. 
bringing  with  them  their  workmen^  and  they  appeared  on  the 
ground  ready  to  contend  for  the  honour  of  victory,  though  victory 
should  be  barren  of  all  but  honour.  At  the  close  of  the  <lay 
their  conduct  through  the  trials  drew  from  Count  de  Gaaparin, 
the  president,  these  complimentary  words : — "  Yottr  coantrymen 
have  indeed  set  an  example  to  all.  They  have  brought  good 
implements,  men  to  manage  them,  an  interpreter  to  speak  for 
them,  an  engineer  to  advise  with.  This  is  the  way  in  whicb 
business  should  be  done." 

•  An  international  exhibition,  which  had  broken  down  no  faar^ 
riers  of  prejudices  or  partial  laws,  which  had  ended  without  ex- 
citing friendly  sympathies,  or  promoting  friendly  intercourse, 
would  have  been  but  a  barren  display.  The  enlightened  French- 
men with  whom  I  had  the  good  fortune  to  be  associated  were 
the  first  to  pronounce  in  favour  of  freft  exchange.  Our  class 
agreed  unanimously  to  make  a  representation  to  the  Imperial 
Government  in  favour  of  a  reduction  of  the  duty  on  foreign  agri- 
cultural machinery.  The  representation  was  successful :  an 
Imperial  decree  appeared  in  the  Maniteur  of  September  7, 
making  a  considerate  reduction  in  the  duty  en  many  laanufac- 
tured  articles,  and  specially  reducing  the  duty  on  agricultural 
machinery  to  15f.  per  100  kilogrammes.  This  duty  being  by 
weight,  15£.  per  100  kilogrammes  (equal  to  2  cwt.)  operates  un- 
equally in  different  classes  of  machinery. 

On  an  iron  plough,  for  instance,  in  which  the  weight  of  the 
raw  material,  in  comparison  to  workmanship,  is  considerable, 
the  duty  will  be  something  above  20  per  cent,  ad  valorem.  In 
the  more  complicated  machines,  into  which  labour  enters  more 
largely,  as  in  drills,  horse-hoes,  &c.,  the  duty  will  be  fiN>m,15 
to  20  per  cent,  ad  valorem. 

This  concession  was  accepted  with  much  satisfaction  by  our 
machine-makers ;  orders  to  some  extent  were  received  for  x^aa^ 
chines.  The  barrier,  at  all  events,  which  had  hitherto  stc^od 
between  the  industry  of  the  two  countries  was  broken  down,  dttd 
ground  was  laid  for  a  trade  which  may  be  ripened  and  matu:TCd 
into  results  of  mutual  benefit  to  both  countries.  i 
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I  have  sftid  that  portable  steam-engines,  and  tbreshingt-machines, 
and  tile-making  machines  were  not  included  in  the  list  of  agri-' 
coltaral  implements. 

Unfortunatelj  the  classification  in  the  books  of  the  Custom- 
house corresponds  with  the  classification  in  the  catalogue  of  the 
Exhibition,  consequently  those  machines  not  falling  under  the 
denomination  of  agricultural  machines  do  not  partake  of  this  re- 
duction of  dntj. 

Of  all  machines  connected  with  agriculture,  there  are  none  in 
which  greater  improvements  have  been  made  in  late  years  than 
inmacbines  for  making  pipe  tiles  for  draining.  There  is  no 
dass  of  macbinery  which  would  be  more  useful  in  France.  The 
excellent  results  of  draining  are  there  thoroughly  understood  and 
appreciated.  Specimens  of  draining  were  exhibited  by  the  Mar- 
quis de  Bryas  (Gironde)  and  the  Viscount  de  Rouge  (Aisne)  from 
the  opposite  extremities  of  France. 

The  draining  of  the  Medoc  vineyards  by  Count  Duchatel  has 
been  attended  with  complete  success.  It  is  computed  that  one- 
seventh  of  the  surface  of  France  requires  draining.  It  is  under- 
stood DOW  that  draining  not  only  keeps  land  drier  during  the 
lains  of  winter,  but  keeps  it  cooler  and  more  moist  during  the 
heats  of  summer,  preventing  the  baking  of  the  surface  by  the 
sun,  and  prcnnoting  the  constant  progress  of  vegetation.  It  is 
the  lbuBdati(Hi  of  all  improvements — the  first  step  in  the  path  of 
good  cultivation.  No  machines  attracted  so  much  attention  as 
the  tile  machines  of  Messrs.  Clayton  and  Whitehead,  exhibited 
in  work.  They  were  surrounded  from  morning  to  night  by  a 
cmwd  of  spectators.  I  cannot  think  it  probable  that  the  Go- 
vernment of  France,  anxious  to  promote  improvements,  and  to 
strengthen  the  hands  of  French  agriculture,  will  decline  the 
henefit  which  is  offered  to  them  by  the  possession  of  these  ap- 
proved machines. 

Under  the  law  as  it  at  present  stands  the  cost  of  introducing 
a  tile  machine  into  France  exceeds  the  prime  cost  of  the  machine. 
Mr.  Clayton  thus  reports  his  experience  : — 

''The  sale  of  tile  machines  for  France  would  have  been  much 
greater,  but  the  numerous  applicants  were  deterred  by  the  high 
late  of  duty  ;  it  amounts,  indeed,  almost  to  a  prohibition.  I  sold, 
the  other  day,  a  tile  machine  and  pug-mill,  to  be  delivered  at 
Fiesnes,  near  Paris.  The  sale  value  of  this  machinery  amounted 
to  58/. ;  the  cost  for  transport  and  Douane  charges  amounted  to 
8%.— 4/.  more  than  the  entire  cost  of  the  machinery." 

The  threshing-machines  were  tried  by  the  jury  of  Class  VI. 
1W  Engrlish  machine  by  Homsby,  and  the  American  by  Pitts, 
•I  Baffalo,  State  of  New  York,  were  the  most  approved.     The 
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details  of  the  trials  have  not  yet  been  published,  and  they  are 
not  in  mj  possession. 

These  trials  do  not  appear  to  have  been  conducted  with  all  the 
care  and  exactness  necessary  to  place  the  decisions  beyond  the 
reach  of  cavil. 

Eeaping  Machines. 

Though  reaping  machines  have,  up  to  this  time,  disappointed 
the  sanguine  expectations  which  were  formed  of  them  at  their 
first  appearance,  the  various  specimens  in  the  Exhibiti(m  were 
regarded  with  much  curiosity,  and  the  trials  of  them  excited  a 
lively  interest.  Mr.  W.  Fair  bairn,  President  of  Class  VI.,  has 
favoured  me  with  the  following  report  on  these  machines.  The 
name  of  Mr.  Fairbairn  will  be  a  sufficient  warrant  for  the  value 
of  this  report. 

Eeport  on  Eeaping  Machines. 

Machines  of  this  kind  are  of  great  antiquity.  They  were 
known  to  the  Romans,  but  we  hear  nothing  of  them  during  the 
middle  ages  ;  and  from  those  remote  times  we  have  ievf  traces  of 
improvement,  or  any  successful  attempts  to  substitute  machine- 
reaping  for  the  sickle.  It  was  reserved  for  Mr.  Bell  of  the  Carse 
of  Gowrie,  in  Scotland,  in  1826,  to  construct  a  machine  that 
answered  all  the  purposes  of  a  good  reaper.  Mr.  Bell  has  used 
bis  machine,  and  gathered  his  harvest  by  it,  for  the  last  twenty- 
nine  years,  and  it  is  not  too  much  to  say  that  most  of  the  ma- 
chines now  in  use  are  based  upon  the  principle  of  Bell.  There 
is  great  similarity  in  nearly  the  whole  of  these  machines,  and  the 
Universal  Exhibition  of  Paris  exhibits  nearly  the  same  charac- 
teristics in  principle  and  construction  as  those  shown  at  the  Ex- 
hibition of  1851.  It  is  true  there  are  some  slight  improvements 
introduced  by  Mr.  M'Cormick  and  others,  but  the  principle  of 
the  machine  remains  unaltered,  excepting  only  the  receiving- 
boards,  which  in  those  brought  forward  for  competition  at  the 
Paris  Exhibition  are  exceedingly  variable,  and  some  of  them  very 
ingenious. 

The  period  of  the  General  Exhibition  at  Paris  was  most 
jEavourable  for  giving  a  fair  trial  to  machines  of  this  description, 
and  the  month  of  August  afforded  an  excellent  opportunity  for 
testing  the  merits  of  each  machine  by  actual  experiment.  Through 
the  liberality  of  M.  Dailly,  a  distinguished  agriculturist,  and 
member  of  the  jury,  a  field  of  oats  on  his  farm  at  Trappe  was  set 
apart  for  the  exclusive  purpose  of  ascertaining  the  properties  and 
proving  the  value  of  each  machine.  The  Imperial  Government, 
always  alive  to  the  interests  of  the  community  and  the  advance- 
ment of  mechanical  art,  took  a  deep  interest  in  the  trials,  and,  in 
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order  that  the  jury  might  not  be  incomnioded,  several  mounted 
gens-d'armes,  a  few  soldiers  of  the  line,  and  a  drummer,  were 
sent  forward  to  Trappes  to  prevent  the  crowd  from  inconveni- 
encing them.  On  the  2nd  August,  at  11  o'clock,  the  machines 
were  divided  info  three  groups,  and  the  contest  for  superiority 
commenced  as  follpws  : — 

Group  Is#,—  Metres. 

M.  Oonrnier's  allotment       1,628 

M.Atkins'  „  .. 1,733 

M.  Lawrent's  „  1,825 

Group  2wc?, — 

M.  Mazier's  „  1,826 

M.Manny's  „  1,900 

M.  Crosskiirs  „  1,958 

Group  Srdf — 

M.  M'Cormick's  „  1,987 

M.  Dray's  „  2,256 

Canadian  „  1,660 

Having  grouped  the  machines  as  above,  the  conditions  were, 
as  far  as  I  could  learn, — the  time  required  to  cut  the  allotment, 
the  number  of  hands  employed,  and  the  perfection  with  which 
the  work  was  executed  without  injury  to  the  grain.  These  con- 
ditions being  ascertained,  the  first  group  commenced  operations, 
by  beat  of  drum,  at  11  o'clock,  all  three  starting  at  the  same 
time. 

Group  1. 

Coumiers  Machine  (French)  on  Bell's  principle. — ^This  ma- 
chine, with  one  horse,  cuts  clean,  but  is  liable  to  get  entangled 
in  the  cutters  with  straw.  A  great  deal  of  time  was  lost  from 
this  cause,  and  this  defect  appears  to  be  common  to  all  the 
machines  when  the  speed  happens  to  be  reduced  under  2^  miles 
an  hour.  In  this  respect  1  found  the  maximum  velocity  of  the 
machines  to  be  as  nearly  as  possible  3  miles  an  hour ;  and  the 
knives,  for  every  18  feet  in  distance,  made  11  single  or  22 
double  cuts  for  one  revolution  of  the  wheel.  This  machine  had 
a  sliding  rake  motion  for  the  convenience  of  the  reaper,  and  in 
order  to  enable  him  to  clear  the  receiving-board  of  the  grain  as 
it  is  cut.  With  some  improvements,  this  machine  may  be  made 
much  more  effective,  and  would  work  much  better  with  two 
horses  and  a  wider  cutting-board,  so  as  to  take  a  greater  width  of 
grain,  and  maintain  the  speed  necessary  to  accomplish  a  max- 
imum result.  From  the  frequent  clogging  of  the  cutters  it  re- 
quired 67  minutes  to  cut  1628  square  metres  of  corn.  The  reel 
in  tliis  machine  for  gathering  the  com  went  too  fast,  and  proved 
injurious  by  striking  the  grain  too  high  up  the  stalk. 

M.  Atliini  Automaton   Machine  (American)    executed   1733 
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square  metres  in  24  minutes.  This  machine  is  nearly  self-acting^, 
and  only  requires  the  driver ;  one  attendant,  indeed,  followiBg 
the  machine  in  case  anything  goes  wrong.  Its  novelty  conaists 
in  a  rake  worked  from  the  wheel  that  drives  the  cutter-shaft  It 
is  attached  hy  an  arm  ex  connecting-rod  to  the  bev6l-wheel,  and 
by  a  combination  of  levers  it  receives  a  rotatory  motion,  which, 
along  with  that  in  a  longitudinal  direction,  drags  the  grain  for- 
ward over  the  side  of  the  board.  In  order,  however,  to  make 
sure  of  the  discharge,  another  rake  or  cleaner  strips  the  before- 
mentioned  one  of  its  load,  and  lays  the  straw  in  parallel  lines 
ready  to  be  bound  into  sheaves.  This  machine,  like  Coumier's, 
has  some  clever  devices  about  it ;  but,  like  all  new  attempts  at 
improvements,  there  still  remain  some  further  improvements  to 
simplify  and  make  the  machine  more  effective  and  complete. 

Lawrent  (French). — ^This  machine,  like  Coumier's,  was  con- 
stantly choking  with  the  straw  round  the  cutters.  It  is  a  copy 
of  Bell's,  and  requires  two  men  at  the  pole — a  driver  and  a  reaper 
— to  work  it.  It  is  a  heavy  machine,  and  almost  too  much  for 
two  horses  to  work,  and  the  reason  of  its  entanglement  was  a 
falling  off  in  the  speed.  In  all  these  machines  speed  is  an  ele- 
ment of  success,  as  might  be  seen  whenever  the  velocity  of  the 
knives  and  the  speed  of  the  machine  were  reduced;  on  such 
occasions,  choking  or  entanglement  of  the  straw  was  the  result. 
This  being  the  case,  it  is  therefore  a  consideration  of  much  im- 
portance to  have  all  these  machines  of  such  dimensions  as  to 
enable  the  horses  to  work  them  with  ease  at  the  required 
velocity. 

Group  2. 

Mazier^ s  Machine  (French). — ^This  machine  is  of  light  con- 
struction, adapted  for  one  horse,  and  cuts  a  breadth  of  2  feet  7 
inches  in  line  all  round  the  field.  It  cuts  either  right  or  left,  by 
means  of  the  frame  containing  the  cutters'  turning  on  a  central 
axis.  The  knives  are  worked  by  a  wheel  and  worm,  and  aie 
well  calculated  for  cutting  light  grain,  such  as  oats  and  barley, 
but  might  prove  inefficient  in  operation  on  a  field  of  heavy 
wheat.  The  machine,  as  a  whole,  was  rather  slender  for  the 
work  it  had  to  perform ;  but,  if  well  constructed,  and  the  parts 
judiciously  proportioned  for  two  horses,  there  is  no  reason  why 
it  should  not  reap  any  description  of  grain.  In  the  attempt  to 
cut  the  allotment  it  unfortunately  broke  down  by  some  of  the 
parts  giving  way. 

J.  M.  Marmy  (United  States). — Mr.  Manny's  allotment  con- 
sisted of  1900  square  metres,  which  he  cut  in  26  minutes. 
The  machine  is  worked  by  two  horses,  and  cuts  a  breadth  of 
4  feet  6  inches.     Mr.  M.  speaks  highly  of  his  machine,  and 
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gives  numerous  twriwibnials  of  its  efBeiency,  exclusively  of 
Sieda)%  freainm^^mmdi  awards  from  different  districts  in  Ame- 
rici^  and  from  diffnrent  countries  in  Europe,  far  its  performance. 
According  to  Mr.  Mannj's  account^  ^^  it  will  cut  either  grass  or 
com  when  down,  wet  or  dry,  and  in  wbaterer  direction  the  wind 
Mows,  without  being  stopped  for  a  single  instant"  Mr.  M. 
farther  observes,  '*  that  it  can  easily  be  converted,  in  a  few 
seconds,  from  a  reaper  into  a  mower,  and  the  oaly  thing  required 
is  to  withdraw  Ae  platform  and  change  the  scythe  of  the  reaper 
for  the  cutting  scythe  of  the  mower.  The  cutting  apparatus,  for 
eank  or  for  grass,  is  made  in  such  a  way  that  it  cuts  as  well 
backwards  as  forwards  when  the  machine  is  reaping ;  the  wheat 
is  received  on  the  platform,  gathered,  and  put  into  a  heap  by  the 
action  of  a  wing-board,  and  by  a  single  stroke  of  his  rake  the 
attendant  puts  down  on  the  ground  at  the  back  of  the  machine 
the  already  made  sheaves,  which  only  require  tying.''  It  will 
not  be  necessary  to  follow  Mr.  Manny  further  in  his  description, 
which  evinces  great  confidence  in  the  superior  performance  of 
the  machine ;  suffice  it  to  observe  that  it  did  its  work,  with  the 
exception  of  some  parts  not  very  clean  cut,  moderately  well,  and 
in  26  minutes  completed  the  quantity  it  had  to  perform. 

CrostkHFs  Machine  (English)  is  an  improvement  upon  BelFs, 
and  in  great  repute  amongst  the  farmers  of  the  North  Riding  ojf 
Yorkshire  and  other  parts  of  England.  In  the  hands  of  Cross- 
kill  it  has  received  several  improvements,  but  unfortunately  on 
this  occasion  the  key  of  the  connecting-rod  that  works  the 
knives  got  loose,  dropped  out,  and  stopped  the  process  of  reaping. 
Under  these  circumstances  it  was  thought  desirable  to  withdraw 
the  machine,  and  leave  the  field  open  to  the  other  competitors. 

^  Gboup  3, 

M^Carmick  (American). — This  reaper  is  probably  <me  of  the 
best  machines  of  its  class.  It  reaped  1987  square  metres  in 
seventeen  minutes,  and  judging  not  only  from  the  quantity  of 
work  done  in  so  short  a  time^  but  from  the  manner  in  which  the 
gioond  was  cleared,  and  the  grain  cut,  it  evidenced  much  greater 
perfection  in  its  operations  than  any  of  the  others  whose  powers 
were  brought  to  the  test  It  cuts  a  clean  track  of  5  feet  6  inches 
wide,  and  performs  the  operations  with  a  degree  of  certainty  and 
precision  sufficient  to  account  for  the  very  short  time  in  which 
tbe  allotment  was  cut  down.  This  machine,  like  most  others, 
is  susceptible  of  still  further  improvements,  and  I  am  glad  to 
find  that  Messrs.  Burgess  and  Key,  the  makers,  are  about  to  in- 
troduce a  new  moveable  apparatus,  consisting  of  three  Archi- 
medean screws,  for  delivering  the  grain  from  off  the  receiving 
board  as  it  is  cut.     The  great  defect  of  this  machine  was  the 
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imperfect  way  in  which  the  grain  was  delivered  from  the  plat- 
form after  being  cut,  and  the  evident  want  of  some  method  of 
laying  the  heads  and  straw  parallel  and  in  bundles  and  sheaves^ 
and  also  for  clearing  the  ground  and  leaving  the  track  clear  for 
the  horses  on  the  return  cut.  This  defect  in  distributing  the  cut 
grain  as  it  falls  from  the  knives  appears  to  be  the  principal  ob- 
jection to  this  machine.  Burgess  and  Key's  clearing  apparatus, 
if  properly  constructed,  may  probably  remedy  this  evil,  and 
render  the  machine  much  more  perfect  in  its  operations  than  it 
has  been  heretofore.* 

W.  M.  Dray  and  Co.'s  Machine  (English)  is  of  an  exceeding 
compact  form.  It  is  entirely  without  a  reel  for  gathering  in  the 
corn  to  the  cutters,  and  requires  only  one  man  as  a  reaper  to 
watch  the  cutters  and  discharge  the  com  as  it  is  received  upon 
the  board  or  wooden  platform  behind.  The  cutters  are  5  feet 
w^ide,  and  it  reaped  2250  square  metres  in  35  minutes.t  The 
peculiar  features  of  this  machine  are,  its  portable  construction 
and  the  receiving- board,  which  moves  upon  an  axis.  By  the 
pressure  of  the  reaper's  foot  the  platform  is  tilted,  and  the  grain 
drops  behind,  ready  for  the  person  who  follows  to  bind  and  tie 
it  up.  The  only  objection  to  this  process  is  that  it  requires  the 
binding  to  be  done  immediately,  otherwise  the  horses,  at  every 
succeeding  cut,  would  trample  over  the  previously  reaped  com, 
and,  moreover,  would  effectually  impede  the  working  of  the 
machine.  Under  these  circumstances  the  track  previously  cut 
must  be  entirely  cleared  in  order  to  prepare  for  that  which  suc- 
ceeds. This  operation  of  the  tilting-lward,  which  throws  the 
grain  upon  the  track  behind,  appears  to  be  the  chief  defect  in 
the  machine.  A  different  clearing  apparatus  to  effect  the  dis- 
charge of  the  cut  grain  in  a  lateral  direction  would  render  this 
machine  much  more  valuable.  It  would  give  time  for  binding 
up  the  grain  into  sheaves,  and  at  the  same  time  it  would  clear 
the  track  for  the  horses  and  machine  in  their  return  for  the 
next  cut. 

The  last  machine  (the  Canadian),  which  completes  the  three 
groups,  was  withdrawn,  from  some  cause  that  was  not  explained. 

On  a  careful  examination  of  the  several  machines  entered  for 
the  prizes,  it  will  be  observed  that  in  every  one  of  them  an  at- 
tempt was  made  to  effect  a  certain  purpose  by  certain  means  of 
transmission,  calculated  to  retard  rather  than  facilitate  the  pro- 
gress of  cutting.     In  machines  of  this  description,  where  horses 

*  A  trial  has  been  made  of  this  apparatus  since  the  aboye  was  written,  but 
without  success.  I  am  not  prepared  to  state  from  what  cause,  but  will  take  an 
early  oppK>rtunity  of  ascertaining  tt^e  facts  or  of  witnessing  its  performance  at  some 
future  trial. 

t  Some  say  34  minutes. 
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are  employed  as  a  motive  power,  it  is  desirable  to  make  the 
action  as  easy  as  possible,  and  to  effect  the  motion  of  cuttings 
reaping,  &c.,  with  as  light  wheels  and  gear  as  practicable.  Now, 
these  small  wheels  and  their  attachments  at  present  in  use  appear 
to  me  to  be  the  very  worst  and  heaviest  parts  of  the  machine, 
and  I  would  earnestly  urge  upon  the  makers  of  reaping-machines 
the  absolute  necessity  of  increasing  the  diameters  and  dimensions 
of  the  gear  which  works  the  cutters,  and  at  the  same  time  to  fix 
and  attach  the  journals  and  ends  of  the  shafts  into  one  casting, 
so  that  they  cannot  vary  in  position,  but  must  move,  and,  techni- 
cally speaking,  go  and  come  with  the  machine.  These  altera- 
tions being  made,  the  proper  clearing  apparatus  being  attached 
to  the  receiving-boards,  we  might  then  look  forward  to  the  la- 
bours of  the  harvest  being  performed  with  much  greater  cer- 
tainty and  effect  than  is  now  accomplished  by  the  present 
niachines.  The  following  table,  which  Mr.  Edward  Combes  has 
lundly  handed  to  me,  gives  the  results  of  the  different  trials  as 
follows : — 

ftuL  of  Reaping  Machines  on  the  Farm  of  M.  Dailly,  at  Trappes, 
near  Paris,  2nd  August,  1855. 


Ho, 

Name. 

Country. 

li 

Time. 

Price. 

Remarks. 

ft    in. 

min. 

£. 

1 

Coqmier.     . 

France      . 

4    3 

1.628 

67 

1 

26 

Driving-wheel  3ft.  Sin. ; 
crank  makes  1 1  revolu- 

tions to  1 ;  knives  not 

serrated. 

S    AtkiM    .      . 

i 

American. 

5    3 

1,733 

24 

2 

36 

Diameter  of  driving-wheel 
4ft.  4in. ;  crank  makes 
24tol. 

[  3    Uwrent.     . 

1 

1 

5    0 

1.825 

66 

2 

•• 

Diameter  of  driving-wheel 
3ft,;  crank  Aakes  15 
to  1 ;  similar  to  Bell. 

4    Mazier   .     . 

Franca 

2    7 

Broke  down 

1 

•• 

Small  machine,  cutting 
either  right  or  left,  by 

means  of  the  cutting- 

frame    turning    on    a 

central  movable  axis; 

knives  worked  by  wheel 

and  worm. 

1 

American . 

4    6 

1,900 

26 

2 

26 

Diameter  of  dri  v  ing-wheel 
Sft.  6in. ;  crank  makes 
13tol. 

6  ,  CroMkill,    ) 

1      Bell's.    / 

7  Mccormick. 

England  . 

5    0 

Broke  down 

2 

45 

.. 

American. 

5    6 

1.987  1    17 

2 

30 

« 

8     Day .     .     . 

England  . 

5    0 

2,950  1    35 

2 

25 

9     TheCiuiMlUn 

•• 

6    6 

Retired 

2 

•• 

From  the  above  table  it  will  be  seen  that  M'Cormick's 
American  machines  performed  the  most  work  in  the  least  time  ; 
that  Atkins*  and  Manny's  executed  as  nearly  as  possible  the 
same  quantity  of  work  in  the  same  time,  there  being  a  fraction  in 
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favour  of  IVfaimy ;  and  that  Dray  was*  next  in  the  order  of  time 
and  the  quantity  of  work  done. 

Reducing  the  whole  work-  done  to  a  standard  of  2000*  square 
metres,  the  competing  machines  will  stand>thus:^ — 

M'Cormick's  would  cut  2,000  metres  in  17'00  minutes. 
Manny's  „  „  27*36      „ 

Atkins'  „.  „  27-69      „ 

Dray's  „  „  31-11      „ 

If  we  are,,  therefore,  to  take  the  quantity  of  grain  out  in  the 
least  time,  Mr.  M*Cormick's  machine  will  stand  first  on  the  list, 
and  the  others  according  to  their  position  in  the  above  seale. 

In  the  investigation  of  this  subject:  we  have  hitherto  confined 
our  observations  to  the  machines;  There  is^  however^  another 
element  equally  important  and  essential  to  the  efficiency  of  the 
process  of  reaping,  and  that  is,  the  preparation  of  the  land:  and 
in  fact,  before  we  can  look  forward  to  ultimate  success^  the  snu> 
face  must  be  levelled,  and  the  present  injurious  system  of  ridgei 
dispensed  with.  To  a  casual  observer  it  is  obvious  that  the  pre* 
sent  state  of  culture,  as  pursued  in  most  parts  of  Europe,  is  Jiot 
calculated  to  afford  the  necessary  facilities  for  insuring  a  success- 
ful progression  to  machinery.  To  apply  machinery  successfully 
to  the  labours  of  a  farm  the  land  must  be  prepared,  not  for 
hand,  but  machine  labour;  and  the  successful  introduction  of 
reaping  machines  will  chiefly  depend  upon  the  preparations  that 
are  made  for  their  reception.  The  system  of  ridges  may  be 
tolerated,  and  overcome  by  the  sickle,  but  to  give  to  the  new 
process  of  reaping  by  machinery  its  full  effect,  a  totally  different 
plan  of  operations  must  be  pursued,  and  the  fields  laid  down 
with  a  perfectly  smooth  surface.  The  larger  description  of  stones 
and  other  obstructions  should  be  removed,  and  in  place  of  the 
superfluous  water  not  required  for  the  nourishment  of  the  plants 
being  allowed  to  flow  between  the  ridges  on  the  surfaces  of  the 
field,  sweeping  in  heavy  streams,  as  it  now  does,  everything  be- 
fore it,  the  new  system  of  drainage  will  require  to  be  adopted, 
and  the  water  carried  under  in  place  of  running  over  the  surface. 

To  make  a  machine,  such  as  a  reaping-machine,  work  well, 
everything  must  not  be  left  to  the  machine;  the  agriculturist 
must  do  his  duty  as  well  as  the  engineer,  and  that  duty  once 
duly  performed  on  both  sides,  a  certainty  of  action  will  be 
secured  which  will  solve  the  problem  and  effect  satisfactory  re- 
sults. Having  arrived  at  these  happy  results,  we  may  then,  and 
not  till  then^  reasonably  look  forward  to  the  crops  being  well  and 
quickly  gathered  by  machinery,  to  the  exclusion  of  a  laborious 
process,  effected  with  difficulty,  and  often  imperfectly,  by  the 
human  hand. 

W.  Fairbairn. 
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I  r^^ret  that  the  Exbibition^clbsed  witKout  any  declared  pro- 
cess in  the  greats  problem  of  st&am  cultivation..  Hopes  had 
been  entertained  that  a  steam  cultivator;  the  invention  of  Mr. 
Romaine,  brought  from  Canada,  promoted  by  funds  voted  by  the 
Canadian  l^^latore,  would  have  been  so  far*  perfected^  that  it 
might  have  been  presented  to  the-  jury  for  examination ;  but  un- 
foreseen difficulties  beset  the  path  of  the  inventor^  and  he  was 
compelled  reluctantly  to  give  up  the  cherished  hope  of  signalis- 
ing his  machine  by  a  public  display  at  Paris. 

Still  it  is  just  to  Mr.  Romaine  that  I  should  bear  testimony  to 
what  I  saw^  and  to  the  point  which  he  bad  attained^  I  saw  in  a 
field,  near  the  walls  of'  Parisj  Mr.  Romaine's-  machine,  carrying 
its  own  boiler  and  engine,  travel  by  its  own  locomotive  power 
100  yards  up  the  field,  and  break  up  and  cultivate  the '  land  id 
its  course. 

Besides  taking  the  lead- in <  promoting  cultivation ?  by  steam, 
the  Canadian  legislature  voted  a  large  sum  of  money  (10,000/. 
currency)  for  the  general  objects  of  the  Exhibition,  and  sent  some 
good maehines  and  a  magnificent  collection  of  products. 

The  Exhibition  of  1851  brought  favourably  into  notice  the 
great  resources  of  Canada,  increased' the  general  confidence  in 
the  security  of  sums  invested  id  its  public  works,  and  facilitated 
the  introductiori  of' capital  into  the  colony.  The  display  which 
was<made  at  Paris  cannot  fail  to  fix  on  broader  and  firmer  foun- 
dation»'th&  confidence  inthe  natural  resources  of^  the  colony,  and 
in -thtf  intelligence  and  public  spirit  of  its  inhabitants. 

The  sales  of  English  agricultural  machinery  have 'been  for 
some  years  past  much  more  extensive  to  the  German  states  than 
to  Prance. 

Belgium  exhibited  some  good  machinery ;  the  first  prize 
was  awarded  to  her  for  chums  and  for  chaff-cutters.  The  Com- 
missioners of  her  Government  were  diligent  in  turning  the  Exhi- 
bition to  good  account.  They  purchased  several  of  the  best 
English  implements,  which  will  no  doubt  speedily  be  reproduced, 
possibly  with  improvements,  in  her  active  and  well-appointed 
workshops. 

It  may  be  sufficient  for  the  purposes  of'  this  report  to  say  of 
the  foreign  agricultural  machinery  in  general^  the  collection  of 
which  was  very  large,  and  of  which  only  a  small  portion  was 
subjected  to -trial,  that,  without  venturing  to  express  an  opinion 
of  the  merits  of  some  of  these  implements,  or  of  their  adaptation 
to  the  different  localities  where  they  were  employed,  it  did  not 
appear  to  our  machine^maker  or  to  our  consulting  engineer  that 
they  offered  models  which  it  would  be  important  to  adopt  for  the 
purposes  of  English  farming. 

Gold  medals  of  honour  in  Class  III.  for  agricultural  machinery 
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were  awarded  to  six  individuals  only.  Five  of  these  exhibitors 
were  from  England,  and  one  from  the  United  States  of  America. 

Grand  Medal  of  Horwur. — Mr.  M*Cormick,  of  Chicago,  United 
States  of  America,  for  his  reaping-machine. 

Medals  of  Honour. — Messrs.  Garrett,  Saxmmidham  ;  Homsby, 
Grantham  ;  Howard,  Bedford ;  Ransome,  Ipswich ;  Crosskill, 
Beverley  ;  for  agricultural  machinery. 

Agricultural  Products. 

The  collection  of  agricultural  products  was  very  large,  and  of 
high  interest.  To  give  a  detailed  account  of  them  would  extend 
this  report  beyond  reasonable  limits ;  nor  for  the  purposes  of 
this  report  does  it  seem  necessary,  as  in  the  majority  of  instances 
there  was  no  question  of  comparison  or  competition. 

The  fine  wools  of  Germany  were  a  class  to  themselves. 

The  tobacco  of  Cuba  was  without  a  rival ;  various  specimens, 
the  produce  of  the  soil  of  Europe,  followed  at  a  respectful 
distance. 

In  the  important  article  of  flax,  France,  Belgium,  and  Ireland 
received  an  equal  award  from  the  jury. 

The  rich  and  varied  products  of  the  wide  domain  of  France 
and  of  Algeria  were  set  forth  in  long  and  imposing  array. 

The  agricultural  products  of  these  islands  were  combined  in  a 
single  collection,  formed  by  my  colleague,  Mr.  Wilson,  under 
the  directions  of  the  Board  of  Trade.  It  was  very  complete, 
carefully  arranged  and  classified,  and  called  forth  the  warmest 
commendations  of  the  jury. 

No  unimportant  share  of  the  interest  of  the  Exhibition  was 
supplied  by  the  dependencies  of  the  British  Crown,  by  India,  by 
the  continent  of  Australia,  by  Van  Diemen's  Land,  by  Jamaica, 
Guiana,  &c.  The  value  of  their  contributions  was  fully  appre- 
ciated, and  suitable  acknowledgments  were  made  by  the  votes  of 
the  respective  juries. 

Amid  all  the  beautiful  specimens  of  wheat  from  Algeria,  from 
Australia,  from  Van  Diemen's  Land,  from  Canada,  it  was  ad- 
mitted that  no  single  specimen  equalled  in  excellence  the  speci- 
men sent  from  South  Australia  to  the  Exhibition  of  1851.  It 
does  not  appear,  from  the  information  that  has  reached  me,  that 
these  fine  grains  sown  in  this  country  retain  the  excellence  of 
their  original  type.  Grains  matured  under  a  hot  sun  form,  ac- 
cording to  the  commonly  received  opinion,  the  most  valuable 
seed ;  but  in  the  case  of  wheat  the  practice  seems  to  be  the 
reverse  of  this.  It  is  certain  that  our  strong  and  prolific  wheats 
are  imported  largely  into  France  for  seed.  Not  less  than  5000 
quarters  were  imported  early  in  last  autumn  for  this  purpose. 
These  strong  and  coarse  wheats  no  doubt  refine  in  colour  and  in 
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quality  under  a  more  southern  sun.  It  does  not  appear  that  the 
exchange  of  the  fine  grains  of  the  south  to  our  northern  latitudes 
is  attended  with  results  equally  advantageous. 

It  would  be  desirable  that  some  careful  experiments  should 
be  made  to  induce  to  greater  certainty  on  this  point  of  so  much 
interest. 

Among  the  specimens  of  artificial  manure,  that  made  from 
fish,  the  Engrais  Poisson^  was  considered  by  Professor^  Wilson 
specially  worthy  of  notice. 

The  fish,  after  having  been  steamed,  are  pressed  into  cakes 
and  dried.  In  this  form  the  manure  is  said  to  contain  from  10 
to  12  per  cent,  of  nitrogen,  and  from  16  to  22  per  cent,  of  phos- 
phate.    The  price,  about  8Z.  per  ton.  ^ 

Progress  since  1851. 

In  reply  to  the  second,  and  not  least  interesting  question — 
"  What  progress  has  been  made  since  1851  ? "  it  may  be  con- 
fidently asserted  that  progress  has  been  made  on  every  side.  In 
machinery,  in  scientific  acquirements,  in  field  practice ;  and  to 
such  an  extent,  that  beyond  all  question  the  productive  powers 
of  these  kingdoms  have  been  more  largely  increased  within  the 
last  four  years  than  within  an  equal  space  of  time  at  any  former 
period. 

In  machine  making,  though  some  interesting  novelties  have 
appeared,  the  characteristic  feature  has  been  the  constant  im- 
provement, tending  to  perfection,  of  our  established  implements, 
and  a  great  extension  of  their  use  through  the  body  of  the  farm- 
ing community,  a  fact  significant  of  the  superior  intelligence 
which  is  now  brought  to  bear  on  farming  affairs,  promising  a 
sure  and  continued  progression. 

First  on  the  list  in  point  of  interest,  first  in  its  remarkable 
increase,  stands  steam  machinery. 

No  farmer  who  has  ever  had  a  steam-engine  on  his  farm  will 
ever  again  be  without  one  ;  no  farmer  who  has  ever  threshed  his 
com  with  steam  power  could  bear  again  to  see  his  horses  toiling 
in  the  wearisome  circle,  now  jerking  onwards  when  the  whip 
sounds,  now  brought  almost  to  a  stand-still  when  the  machine  is 
clogged  by  a  careless  feeder.  The  regular  stroke  of  the  untiring 
steam-engine  gives  excellence  to  the  work,  keeps  everybody  in 
his  place,  and  introduces  among  men,  even  the  most  careless, 
something  of  its  own  exactness  and  precision. 

It  was  thought  a  remarkable  thing  that  in  the  year  1851,  one 
firm,  Clayton  and  Shuttleworth  of  Lincoln,  a  firm  not  known  to 
the  agricultural  world  ten  years  ago,  should  have  constructed  and 
sold  in  one  year  140  portable  steam-engines.  Since  1851  the 
annual  progress  has  been  as  follows :-— 
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Engines.     '^^"  Jcggregate  bone  power. 

1852  sold  243 1,349 

1853  „  .293 1,723 

1854  ,,363 2^297 

1855  ,,491 3,332 

1,390  8,701 

Besides  the  constantiincreaise  in  .numbers,  it  will  be  seen  there  is 
a  constant  increase  also  in  the  power  of  .the  machines.  In  the 
year  1851  each,eugine  averaged  scarcely  the  power  of  five  horses. 
In  the  year  1855  they  average  nearly  seven. 

It  is  computed  that  90  (per  cent  of  these  engines  are  used  for 
agricultural  purposes  in  England ;  the  remaining  10  per  cent 
are  sent  abroad,  or  are  used  for  purposes  not  connected  with  agri- 
culture. We  have  therefore  in  the  last  four  years,  deducting  10 
per  cent,  from  the  whole  number  of  870.1,  a .pawer  equal. to  7831 
horses  .added: to  the.fprccof  the. farmer  from  j[)ne  , firm. alone. 
Messrs.  Clayton  and  Shuttle  worth  direct  their  attention  (e^^icltt- 
sively  to  steam^eugines^  and  i  to  machinery  moved  ;by  steam  ■  power, 
This  devotion  of  vthe  undivided  attention  to ;  one  class  of  objects 
is  of  itself  an  indication  of  progress^ and  conducive  to  iperfection. 

The  increased  power  afforded  by:  steam  has  led  to  improve- 
ments in  all  machinery  moved  by  steam — in  none  more  .than 
in  threshingrmachines.  The  com  .now  is  commonly  delivered 
from  .the  t stack  upon  .the  machine,  and  delivered  from  the 
machine;  into  sacks  ready  for  market^a  great,  economy  >  of  .time 
and .  of  money.  For  these  and  similar  /processes,  the  use  of  3team 
power  is  making. rapid, laitrides,  and  will  continually  extend  itself, 
to  the: great  help  .and  furtherance* of  every* operation f to  which  it 
can  be  applied. 

Our. leading  machine-makers  all  concur  ,in>attributiug  marked 
results  to  the  Exhibition  of  1851. 

Messrs.  Garrett  have  rforeign  orders,  arising  from  connexions 
formed  at  the  Exhibition,  still  coming  in.  One  customer  in 
Hungary  has  had  not  less  than  8000/.  worth » of  rmachinery,  chiefly 
drills  and  threshing-machines.  DrilK  have -been  improved  by  a 
new  steerage. patented  in  1854. 

Chambers'  patent* manure  distributor  is  a  new  instrument,  the 
invention  of  a  ;practical  Norfolk  farmer;  it  will  sow  from  1  to 
100  bushels  of  artificial  manure  ,per acre,. delivering  it  with  great 
regularity,  and  is  excellent  .for  the  simplicity  of  its  construction. 

Drills, for  liquid  manure  are  still  undergoing  improvement.  If 
found  useful  in  this  country,  how  much  more  valuable  are  they 
likely  to  prove  in  the  .dry  .and  sun-burnt  plains  of  southern 
Europe  ? 

Messrs.  Homsby   consider  the  improvements   in  threshing- 
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machines  to  be  equal  to  a  new  creation  of  the  implement.  Their 
business  has  increased  three-fold  since  1851. 

Messrs.  Howard  find  the  demand  for  improved  implements  to 
come  now  mainly  from  the  tenant  farmers ;  foimerly  it  was  in  a 
great  degree  confined  to  amateurs  and  large  proprietors.  The 
business  of  all  the  leading  machine^makers  has  doubled  since 
1861. 

Messrs.  Ransome  concur  as  to  the  improvement  in  threshing- 
machines,  and  as  to  increased  demand  for  machinery.  Much 
has  been  done,  but  much  remains  to  be  done. still. 

Messrs.  Smith  and  Ashby  date  the  wide  difliision  of  good  im-> 
plements  from  the  Exhibition  of  1851.  The  Paris  Exhibition 
has  opened  to  them  several  new  sources  of  trade,  in  France, 
Algeria,  and  Germany,  and  has  led  to  the  appointment  of  an 
agency  *in  Berlin  for  the  introduction  of  improved  machines  into 
Germany,  at  the  instance  of  a  spirited  merchant  of  that  city. 

Messrs.  Bentall  have  found  the  demand  for  improved  mar 
chinery  increase  largely  fsince  1851. 

Such  has  been  the  uniform  tenor  of  the  replies  from  all  the 
leading  machine-'makers  from  whom  communications  have  been 
leceived.  There  is  a  host  of  local  makers,  equally  alive  to  the 
importance  of  improvement,  and  adding  largely  in  iheir  respec* 
Ihre  spheres  to  the  stock  of  good  implements. 

Agbicultural  Chemistry. 

In  speaking  of  the  iprogress  of  agricultural  chemistry,  to 
Mr.  Lawes  must  be  assigned  by  English  farmers  the  place  of 
honour.  Without  entering  on  the  high  controversy  between 
Baron  Liebig  and  Mr.  Lawes,  lately  revived  with  increased 
animation,  the  English  farmers  have  wisely  accepted  the  teaching 
of  Mr.  Lawes,  based  on  experiments,  in  the  accuracy  of  which 
full  reliance  may  be  placed,  and  the  results  of  which  are  open 
to  the  view  of  all.  They  have  learnt  that  the  approved  arti- 
ficial manures  are  not  mere  stimulants,  but  agents  of  fertility 
which,  when  properly  applied,  may  be  depended  upon  with 
certainty  to  produce  a  crop.  The  principles  on  which  the  growth 
of  com  depends  are  better  understood.  The  repetition  of  com 
crops  on  the  same  soil  can  no  longer  be  considered  as  necessarily 
fjBkulty  in  principle,  and  to  be  unconditionally  condemned.  It  is 
rather  a  question  of  expediency,  to  be  decided  by  the  costs  of 
manure  and  of  produce. 

These  lessons  the  English  farmers  have  learnt  from  Mr.  Lawes. 
They  have  .accepted  them  with  becoming  gratitude.  They  are 
practising  them  with  increasing  confidence  day  by  day,  to  their 
great  and  proved  advantage. 

Mr.  Way,  to  whom  also  the  farming  world  is  under  the  greatest 
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obligations,  has  snatched  a  few  moments  from  his  professional 
pursuits  to  furnish  me  with  the  following  sketch  of  the  general 
prop^ress  of  agricultural  chemistry. 

This  department  of  applied  science  is  now  attracting  to  itsel£ 
the  attention  of  able  chemists  in  all  countries  ;  and  the  contribu- 
tions to  knowledge  resulting  from  the  various  investigations  have- 
during  the  last  few  years  been  very  considerable.  To  attempt 
anything  like  an  account  of  these  results  in  this  place  is  obviously 
out  of  the  question,  and  we  content  ourselves  with  little  more 
than  an  Enumeration  of  the  principal  and  most  interesting  inves* 
tigations. 

In  this  country  Mr.  Lawes  has  continued  his  experiments  CMi 
the  laws  concerned  in  the  feeding  and  fattening  of  animals^ 
taking,  for  the  objects  of  trial,  pigs  and  sheep.  The  number  of 
animals  experimented  upon,  the  intelligence  and  care  brought  to 
bear  upon  every  detail  of  the  experiments,  and  the  very  consider- 
able expenditure  which  has  evidently  accompanied  them,  place 
these  investigations  far  in  advance  of  any  of  a  similar  kind  that 
have  been  undertaken  elsewhere.  Although  the  results  are  of  a 
practical  character,  the  experiments  of  Mr.  Lawes  must  not  be 
claissed  with  the  very  numerous  trials  on  the  feeding  of  animals 
that  are  to  be  found  dispersed  through  agricultural  publications,, 
and  which  are  merely  practical,  being  undertaken  without  refer- 
ence to  general  principles.  The  results  of  Mr.  Lawes'  inquiries 
are  too  numerous  to  be  stated  here,  but  they  seem  to  point  out 
that  a  just  balance  of  the  different  constituents  of  food  is  of  more 
importance  in  the  feeding  and  fattening  of  cattle  than  a  predomi- 
nance of  any  one ;  that  neither  the  albuminous  nor  the  farinaceous 
elements  of  food  have  an  exclusive  value  for  the  purposes  ta 
which  they  are  applied ;  and  that  the  classes  of  vegetables  which 
are  peculiar  in  containing  a  high  proportion  of  nitrogenous 
matter  are  not  necessarily,  from  that  circumstance,  the  most 
adapted  in  practice  to  produce  that  part  of  the  animal  body 
(muscle)  which  most  resembles  them  in  composition.  According^ 
to  Mr.  Lawes,  therefore,  the  valuation  of  foods  in  relation  to  their 
contents  in  nitrogen  is  attended  with  much  fallacy. 

Amongst  other  papers.  Dr.  Voelcker,  of  Cirencester  College, 
has  published  an  account  of  experiments  made  with  a  view  o£ 
ascertaining  the  cause  of  the  fertility  produced  by  burnt  clay 
when  used  as  manure.  He  has  arrived  at  the  opinion  that  the 
effects  are  partly  mechanical,  but  principally  due  to  the  libera- 
tion of  potash  from  silicates  of  that  alkali  existing  in  the  soil, 
but  only  slowly  available  until  released  by  torrefaction. 

Mr.  Way  has  published  two  further  papers  on  the  important 
subject  of  the  absorption  of  manure  by  soils,  in  continuation  of 
his  first  research  on  this  subject,  which  was  published  in  1850» 
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Mr.  Way  attributes  the  power  possessed  by  soils  to  remove 
various  alkaline  bodies  (as  potash,  ammonia,  &c.),  from  solution 
in  water,  to  the  existence  of  a  class  of  double  silicates  of  alumina 
and  another  base,  which  is  generally  lime  or  soda.  Mr.  Way  has 
succeeded,  for  the  first  time,  in  producing  this  class  of  salts  ;  and 
he  ai^es,  from  the  effects  observed  in  soils,  that  these  latte? 
contain  the  silicates  in  question  in  small  quantity,  and  hence 
their  power  to  preserve  soluble  manures  from  loss  by  rain  and 
drainage.  His  second  paper  on  this  subject  refers  to  the  action 
of  lime  on  soils ;  and  he  endeavours  to  show,  from  the  large 
quantity  of  ammonia  existing  in  almost  all  soils,  which,  according 
to  his  experiments,  very  far  exceeds  the  doses  of  this  alkali 
usually  applied  in  manure,  that  lime  acts  much  in  the  same  way 
as  ammoniacal  manures  themselves,  by  furnishing  indirectly  a 
supply  of  nitrogen  to  plants.  The  effects  of  over-liming  are  ac- 
counted for  in  the  same  way.  * 

Mr.  Way  has  also  given  an  account  of  his  examination  of  cer- 
tain beds  lying  immediately  below  the  chalk  formation,  which 
contain  large  quantities  of  what  is  known  to  chemists  as  ''  soluble 
sUicay  This  form  of  silica  has  not  hitherto  been  met  with  natu- 
rally, except  in  the  case  of  some  strata  in  the  Department  des 
Ardennes,  in  France,  which  were  examined  four  or  five  years 
ago  by  M.  Sauvage.  From  their  peculiar  nature  they  are  sup- 
posed to  be  available  with  advantage  for  many  purposes  in  the 
arts,  and  as  a  source  of  soluble  silica  for  agricultural  use. 

The  subject  in  the  chemistry  of  agriculture,  which  has  lately, 
however,  attracted  the  greatest  share  of  attention,  both  in  this 
country  and  abroad,  is  that  of  the  source  from  which  plants 
derive  their  nitrogen.  It  has  been  satisfactorily  proved  that 
plants  growing  in  the  ordinary  way  often  contain  more  of  the 
element  nitrogen  than  they  can  obtain  from  the  soil  in  which 
their  roots  are  placed ;  and  it  is  obvious  that  in  some  way  o» 
other  this  accumulation  is  derived  from  the  atmosphere.  Now, 
the  air  surrounding  the  globe  is  composed  of  a  mixture  of  nitro- 
gen and  oxygen  gases  in  the  proportion  of  about  four  parts  of 
the  former  to  one  part  of  the  latter  ;  it  also  contains  small  quan- 
tities of  other  gases,  such  as  carbonic  acid,  nitric  acid,  and  am- 
monia. The  question  at  issue  is,  as  to  whether  plants  can,  under 
any  circumstances,  make  use  of  the  great  bulk  oi  the  nitrogen  of 
the  air  in  building  up  their  tissues,  or  whether  they  derive  the 
observed  excess  from  the  ammonia  and  nitric  acid  in  the  air* 
This  question,  the  interest  of  which,  both  in  a  purely  scientific 
and  agricultural  point  of  view,  can  hardly  be  overrated,  has  en- 
listed the  energies  of  chemists  on  both  sides,  and  has  given  rise 
to  some  admirable  researches.  It  has  also  involved  the  extended 
examination  of  air  and  rain-water,  in  order  to  ascertain  how 
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much  ammonia  and  nitric  acid  are  usually  contained  in  the  one, 
and  brought  down  by^he.other.  The  principals  in  .this idiscus* 
sion  in  France  are  MM.  Boussingault  and  Yille  ;  -both. of  these 
chemists  have  made  extended  series  of  expenments  cm  .plants 
grown  in  glass-cases;  their  conclusions  axe, ihowerer, xliametii- 
callj  opposite, — M.  Boussingault  contending  that  iplants  ^camiot 
make  use  > of  the  atmospheric  nitrogen,  but  must  :be  indebted  to 
the  nitric  acid. and  ammonia  in  the  air  for  their  supply  in  excess 
over  that  furnished  by  the  soil;  M.  Ville  i maintaining  that, in 
the  absence  of  both  of  these,  an  increase  .of  nitrogen  *in  plants 
still  takes  place.  A  Conmiission  of  the  French  Academy  vof 
Sciences,  recently  appointed  to  look  into  this  matter,  leans  xather 
in  its  report  to  the  side  of  M.  Yille,  but  the  question  is  siillJhr 
from  being  set  at  rest. 

M.  Barral.has  determined^ the  quantity  of  ammonia  and  nitric 
acid  brought  down  by  rain  in  Paris.  M.  Boussingault  has  xe- 
peated  these  experiments  as  .regards  ammonia  in  Alsace,  and 
finds  the  (quantity  very  much  smaller  than  fin  the  rain  df  ihe 
city,  a  circumstance  which  we  should  :be  prepared  to  expect 
M.  Boussingault  has  also  examined,  with  the  4iame  object,  the 
water  of  fogs  and 'dew,  and  lof  rivers  and  streams.  M.  Ville  has 
carefully  •  determined  ihe  -  ammonm  existing  on  the  air  both  in  .the 
interior. and  suburbs  of  Paris. 

Mr.  Lawes>and  Dr.  Gilbert  have  published  the  results  of  an 
inquiry  into  the. quantity  'of  ammonia  and  .nitric  .acid  in  rain 
falling  at  Rothamsted,  in  Hertfordshire.  The  methods  of 'deter- 
mining small. quantities. of  nitric  acid. are  at  present. so vimpevfect, 
that  Messrs.  Lawes  and  Gilbert  have  not  .thought  it  well  to  pub- 
lish their  lesults  as  to  this  substance,  but  they  are  led  to  believe 
that  in  quantity  it.exceeds )that'of  ammonia  in  rain.  Besides  the 
names  we  have  mentioned  in  connection  with  these  researches, 
other  continental. and  £nglish  chemists  might  be  .referred  to,  if 
circumstances  admitted .  of '  greater  amplification.  It  is,  however, 
obvious,  that  in  ihis  hurried. sketch  we  have  omitted  all  notice  of 
many  investigations  xxa  this  and  other  subjects  of  agricultural 
chemistry  t which  might <well  claim  attention  .in -a  more  extended 
review. 

Finally,  we  must;not  omit  ito  mention,  that  the  trade  in.artifi* 
cial  manures,  which  is  rapidly  rising  into  such  national  import* 
ance,  especially  in  Englami,  is  receiving  the  most  important  aid 
at  the  hands  of  chemical  science.  Not  only  are  the  various 
waste  substances  of  ^manufactures  and  of  daily  life  worked  up 
into  available  form,  but  the  manures  produced  by  chemical 
means,  more  especially  the  superphosphate  of  lime,  are  daily 
improving  in  character,  mainly  through  the  suggestions  of 
chemists  who;  have  specially  devoted  .themselves  to  this  :branch  of 
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science.  Fresh  sources  of  guano  have  also  been  discovered,  and 
new  supplies  of  substances  useful  to  the  iarmer  (have  in. several 
places  been  ■-  obtained. 

It  is,  therefore,  not  without  reason,  that  we  congratulate  our- 
selves on  the  progress t which. has,  within  the  last  five  years,  been 
made  by  that  department, of  agriculture  which  is  based  upon 
chemical  science. 

Field  Practice. 

The  greatest  improvements  in  cultivation  and  management 
have  taken  place  in  the  strong:  lands.  Draining  is  the  foundation 
of  all  these  improvements.  Draining,  now  better  understood  and 
generally  well  executed  at  a  sufficient  depth,  has  changed  the 
character  of  whole  districts,  turning  unmanageable  and  unprofit- 
able soils  into  easy-working  and  productive  land. 

It  would  be  interesting  to  ascertain  the  extent  of  land  drained 
each  year,  but  no  sufficient  data  exist  for  a  reliable  estimate. 
Draining  operations  are  carried  on  by  means  of  the  public  loan, 
the  capital  of  private  companies,  and  of  individual  proprietors. 

Of  the  public  loan  of  4,000,000/.,  the  sums  issued  for  works 
in  each  of  the  last  three  years /have  been — 

1852 £410,478 

1853 318,637 

1854 32^,728 

•£l,051ia43 

What  proportion  do  the  lands  drained  by  the  public  loan  bear 
to  the  lands  drained  by  private  capital?  If  this  district  may  be 
taken  as  a  fair  sample  of  the  whole  area  of  the  country,  the 
lands  drained  by  the  public  loan  would  not  be  more  than  one-fourth 
of  those  drained  by  private  capital.  In  such  case,  the  total  sum 
expended  in  draining  for  the  last  three  years  would  amount  to 
5,257,615/.,  and  allowing  5/.  for  the  expense  of  an  acre,  the 
extent  of  land  drained  would  exceed  1,000,000  acres.  This  sum, 
or  whatever  sum  may  have  been  expended  in  draining,  will  have 
been  capital  supplied  mainly  by  the  proprietors  of  land.  A  sum 
equal  to  the  above  in  amount  has  been  expended  mainly  by  the 
tenant  farmers  of  the  three  kingdoms,  in  the  purchase  of  a  single 
article  of  manure ;  and  this  is  not  a  vague  estimate,  but  an  ascer- 
tained certainty. 

The  sales  of  Peruvian  guano  by  Messrs.  Gibbs  for  the  last 
three  years  have  been^ —  • 

Tods. 

1852        118,000 

1853       135,000 

1854       177,000 

430^000 
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Allowing  12/.  per  ton  for  cost  and  carriage,  the  sum  expended 
amounts  to  5,160,000/. 

To  this  must  be  added  the  large  outlay  on  linseed  cake,  on 
bones,  rags,  on  minerals  containing  fertilising  principles,  on 
lime,  plaster,  &c.  With  these  combined  efforts  on  the  part  of 
the  owners  and  occupiers  of  the  soil,  there  can  be  no  danger  in 
asserting  that  the  productive  powers  of  these  islands  have  largely 
increased,  and  are  continually  gaining  new  force. 

I  have  said  that  the  most  marked  improvement  has  taken 
place  on  the  strong  lands.  Draining  and  autumn  cultivation, 
materially  assisted  by  good  implements,  have  enabled  the  occu- 
pier of  strong  land  to  add  Swede  turnips  to  his  course  of  crop- 
ping. The  importance  of  this  addition  is  beginning  only  to 
make  itself  felt.  This  root,  which,  with  its  different  varieties,  created 
the  value  of  the  light  lands,  is  now  performing  a  service  almost 
as  great  to  the  strong  lands,  not,  as  on  light  lands,  for  feeding 
sheep,  but  for  feeding  cattle.  The  quality  of  the  turnips  grown 
on  strong  lands  is  greatly  superior.  The  land  will  bear  the 
whole  crop  to  be  carted  off  to  feed  cattle  in  yards.  Cattle  supply 
manure,  manure  gives  com.  It  is  difficult  to  estimate  the  aiddi- 
tion,  in  meat  and  in  grain,  which  this  alternating  process  will 
surely  afford. 

It  may  be  thought  by  some  that  too  much  stress  has  been  laid 
on  the  value  of  improved  implements.  It  may  be  worth  while  to 
examine  the  point  more  closely. 

What  saving  might  be  effected  on  a  farm  of  200  acres  of 
arable  land,  (the  rental,  say,  25*.  per  acre,)  drained  and  laid  into 
fields  of  a  suitable  size,  by  the  use  of  good  implements  ?  All 
land  is  ploughed  at  least  twice  a  year.  The  difference  in  labour 
between  ploughing  drained  or  undrained  land  is  very  great. 

It  would  be  an  estimate  much  below  the  mark  to  put  it  at 

1^.  per  acre  for  each  ploughing. 
For  the  year  2*.  per  acre. 

The  next  process  would  be  sowing  the  seed. 

On  the  old  system,  2i  bushels  of  seed  wheat  would  be  sown 

broadcast  per  acre. 
On   the   new   system,  with  an  improved  drill,  IJ  bushel 
would  be  sown  with  better  results. 

There  would  be  a  saving,  therefore,  of  one  bushel  per  acre  on 
the  50  acres  sown  with  wheat,  which,  at  7^.  per  bushel,  amounts 
to  J. 7/.  10^.,  or  per  acre,  over  the  whole  area,  \s,  9rf. 

On  50  acres  of  barley  there  would  likewise  be  a  saving  of  one 
bushel  of  seed  per  acre,  which,  at  4^.  per  bushel,  would  give  a 
saving  per  acre  of  1*. 

Next  comes  the  preparation  of  the  grain  for  market.  There 
are  to  be  threshed  the  produce  of  50  acres  of  wheat,  at  a  yield  of 
four  quarters  only  per  acre,  200  quarters ;  of  barley,  50  acres,  at 
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a  yield  of  five  quarters  per  acre,  250  quarters.  The  cost  of 
threshing  wheat  by  the  flail,  and  dressing,  is  4^.  per  quarter ;  by 
an  improved  steam  machine,  Is.  6d,  Saving  on  200  quarters  of 
wheat,  25/.,  or,  per  acre,  2s.  6d.  The  cost  of  threshing  barley  by 
the  flail  is  3^.  per  quarter ;  by  steam  machine,  2^.  Saving  on 
250  quarters,  12/.  lO^.,  or,  per  acre.  Is.  3d. 

Total  saving  by  the  use  of  drill  and  threshing  machine,  85.  6d. 
per  acre,  or  one-third  of  the  rent,  2ds. 

Besides  the  economy  and  direct  gain  to  the  farmer,  the  saving 
of  one  bushel  per  acre  of  the  grain  employed  in  reproduction  is 
an  important  aid  to  the  consumer,  and  when  multiplied  over  the 
total  area  of  land  still  cultivated  under  the  old  system  would  form 
no  insignificant  addition  to  the  annual  resources  of  the  country. 

The  rapid  spread  of  useful  information  and  of  approved  prac- 
tice must  be  laid  to  the  account,  in  no  small  degree,  of  the 
Journal  and  of  the  meetings  of  the  Royal  English  Agricultural 
Society.  The  meetings  of  the  Society,  held  in  each  year  in 
different  districts,  enforce  precept  by  example,  and  communicate 
every  variety  of  useful  information  in  the  most  attractive  form. 

Such  are  some  of  the  proofs  of  the  onward  march  of  agricul- 
ture, and  of  the  progress  which  it  has  made  since  the  Exhibition, 
and,  in  many  points,  by  virtue  of  the  Exhibition  of  1851.  Still 
we  feel  ourselves  to  be  only  on  the  threshold,  and  much  remains 
to  be  done.  We  ask  of  science  to  penetrate  yet  deeper  into  the 
secrets  of  Nature's  laws.  We  ask  of  mechanical  art  to  bring  to 
our  aid  in  the  field  the  mighty  agency  of  steam. 

We  call  upon  the  farmers  to  continue  and  increase  their  efforts  ; 
so  alone  will  they  be  able  to  keep  pace  with  the  demands  made 
upon  them  by  a  population  ever  increasing  in  numbers  and  in 
wants,  and  to  maintain  the  place  in  the  front  rank  which  they 
now  honourably  hold. 

The  verdicts  of  the  Paris  jury  will  be  a  warrant  that  no  jealous 
or  narrow  spirit  ruled  its  deliberations. 

It  is  a  pleasing  duty,  in  closing  this  report,  to  be  permitted 
publicly  to  acknowledge,  not  only  the  personal  courtesy,  but  the 
spirit  of  fairness  and  candour,  which  characterized  the  entire 
conduct  of  my  colleagues  of  all  nations.  It  was  my  fortune,  in 
the  Council  of  Presidents  and  Vice-Presidents,  and  as  one  of  the 
Committee  of  seven  for  the  final  revision  of  the  awards,  to  assist 
in  the  proceedings  of  the  Commission  to  their  close.  The  same 
lionourable  spirit  animated  this  high  council,  under  the  imme- 
diate guidance  of  the  illustrious  Prince,  its  President,  who  him- 
self affordfed  an  example  to  all  of  fearless  impartiality  and  even- 
handed  justice.  1  have  the  honour  to  be,  &c. 

J.  Evelyn  Denison. 
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III. — Elementary  IntrodiLction  to  the  subject  of  Vegetable  PhjfsiO' 
logy.  By  Arthur  Henfrey,  F.R.S.,  E.L.S.,  Professor-  of 
Botany,  King's  College,  Londonj^&a 

The  object  of  the  present  paper  is  to  present  a  brief  sketohi  of 
some  of  the  more  important  bearings  of  physiological  soience  upon 
agriculture,  through  the  medium  of  certain  factSj  ascertained  within 
recent- years  by  vegetable  physiologists^  throwing. important*  light> 
upon  the  phenomena. which  occur  in  the  growth  andmutiitioif  of 
plants.  These  are  the  more  opportunely  brought  forward-  nowy 
since  they  illustrate  that  most  important  question^  recently*  in- 
full  debate,  the  influence  of  nitrogenous  substances  when- applied 
to  hasten  and  increase  the  growth  of  plants.  We  >  shalL  endMU* 
vour  to  explain:  in  language  comprehensible,  withoutr  preFious. 
acquaintance  with  technical 'terms  (the  '*  sl^jort^iand"  of  science), 
the  essential  points  in  the  development  of.  vegetable  struoture; 
without  a  knowledge  of  which  we  can*  have'  no  secure  basis  fo^N 
the  establishment  of  the  laws  of  vegetable  physiologyt  Scien- 
tific readers  may  perhaps  find  some  of  the  explanations  too- 
rudimentary,  but  it  may  be  observed  that  the  most  importlyBt 
facts,  those  connected  with  the  nmtual  rdations  of  tho  cellulose 
and  the  nitrogenous  structures^will  be  new  to  all  those  who  have 
not  made  it  their  business  to  study  the  additions  to  knowledge 
made  in  the  department  of  physiological  botany-  during  the  last 
few  years. 

We  shall  commence  by  a  short  discussion  of  the  ^  relations  of  > 
chemistry  to  physiological  inquiries  of  the  present  kind,  passing, 
on  to  the  peculiar  conditions  of  the  phenomena  to  be  observed 
in  plants ;  and  then,  as  necessarily  involved  with  those,  we  shall 
briefly  state  the  methods  we  employ,  and  the  nature  and  value 
of  the  instruments  with  which  we  pursue  them.  We  claim  the 
patient  attention  of  the  reader  to  this  exordium,  in  order  that  he 
may  be  enabled  to  estimate  adequately  the  importance  of  the 
minute,  and,  as  some  might  imagine,  trifling  particulars  of 
vegetable  life,  into  which  we  shall  subsequently  enter. 

A  distinguished  chemical  writer  *  has  expressed  an  opinion 
that  "  it  is  chiefly  to  chemistry  that  we  must  look  for  the  exten- 
sion and  improvement  of  physiological  science."  With  the  very 
highest  appreciation  of  the  importance  of  chemistry,  as  one  of  the 
indispensable  foundations  upon  which  physiology  must  rest,  or, 
if  we  may  so  express  it,  one  of  the  quarries  from  whence  it  must 
derive  the  materials  for  its  construction,  we  cannot  admit  that 

♦  Gregory,  *  Outlines  of  Chemistry,'  p.  564. 
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tbis  preparatory  faranchtoft  knowledge  should  usurp  the  position 
of  the  guiding  light  in  physiological  inquiries.  In  the  investi- 
gation of  the  laws  governing.  tHe  phenomena  of  life,  the  chemist 
must  condescend' to  present,  himself  as*  the:  assistant  of  the  phy- 
siologist, just  as  mechanical  and;  physical  philosophers  appear  as 
the  assistants,  of  the  chemist  when  furnishing  him  with  his 
balance,,  hisi  furnaces,  hift  eleetrical,  optical,  and  similar  instru- 
ments of  ^  research.  To  attempt  to  deal  with  faots  which  present 
themselves  in  living  hodies'acoording  to  rules  derived  exclusively 
fmn  chemical  science^,  would'  be-  mere  empiricism.  It  would 
be  a  treatment  of.  symptoms^  and- not  a:  rational  practice  directed 
by  knowledge  of  the  governing  principles:  But  there  is  a  de- 
&iite.  order  of  progress  in  all  these  things^  and  it  is  inevitable 
and  indispensable  that  the  deirelopment  and  application  of 
chemical  science  should  precede  that  of  physiolosry.  The  facts 
of  vegetable  and  animal  life  are  compounded  of  physical  and 
chemical  phenomena^  modified  and  directed  in  their  operations 
by  at  higher  guiding  power— -the  vital*  force-;  but  under  this 
svperintendenoe  the  chemical  laws  display  themselves  in  accord- 
anoewith  their  own  universal  characteristics^;  so  that  while  the 
laws  of  physiology  cannot  be  discovered  by  chemical  research 
alone,  it  is  evidently  more  advantageous  and  more  rational  to 
investigate  and  determine  the  chemical  parts  of  the  inquiry  freed 
fioom  the  consideration  of  the  complications  resulting  from  the 
interference  of  life. 

At  certain  points,  however,  in  every  investigation  of  living 
things  the  chemist  finds  himself  arrested,  and  this  by  pheno- 
mena to  which  his  method:  of  inquiry  is  inapplicable.  He  can 
refer  to  chemical  laws,  for  example,  the  chaises « going' on  in  the 
substance  of  living  and  of  decaying^  dead  plants,  but  he  cannot 
tell  why  the  same  air  and  water,  on  one  hand,  nourish  the 
living  stem  and  enable  it  to  unfold  itself  continually  in  new 
growth,  and  on  the  other  hand  destroy  and  decompose  the  fallen 
tnmkt  from  which  the  living  parts  of  bud  and  root  have  been 
removed.  Before  we  reach  this  point, .  moreover,  even  without 
advancing  our  inquiries  so  far  as  i^e  changes  exhibited  in  and  by 
living  structures,  simple  chemical  analysis  of  the  substances 
forming  or  contained.  iU'  plants,  cannot  be  thoroughly  and  accu- 
rately performed  without  a  knowledge  of  the  anatomical  con- 
dition, the  material  basis  of  physiological  science.  For,  as 
needs  scarcely  be  said,  though  the  ultimate  constituents  of  which 
minerals,  as  well  as  plants  and  animals,  are  composed,  the 
primary  elements,  are  the  same,  or  of  the  same  kind,  yet,  while 
all  lifeless  bodies  may  be  studied  thoroughly  by  tracing  up  their 
compositions  to  their  chemical  elements  and  their  laws  of  com- 
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bination,  such  an  analysis  of  vegetable  or  animal  substances 
would  miss  their  most  essential  characteristics. 

When  we  meet  with  a  mass  of  mineral  substance,  such  as  a 
block  of  marble,  a  '  nugget '  of  gold,  or  the  like,  we  know  that 
to  ascertain  the  composition,  it  will  suffice  to  scrape  off  a  small 
portion  from  any  part  of  it  and  analyse  this  to  acquire  a  tolerably 
accurate  knowledge  of  the  whole.  We  can  *  sample '  it  by 
fragments.  It  is  far  different  when  we  have  to  deal  with  any 
kind  of  living  thing.  We  may  analyse  any  plant  in  mass,  and 
thus  ascertain  its  general  chemical  composition  ;  but  if  we  take 
separate  portions  of  this  same  plant,  we  shall  find  the  com- 
position varying  in  every  part ;  that  of  the  roots  will  differ 
from  that  of  the  stem,  which  again  will  differ  from  the  leaves, 
flowers,  seeds,  &a,  and  the  elements  will,  moreover,  be  found 
to  differ  in  each  of  them  respectively  at  different  seasons  of 
growth. 

This  is,  indeed,  no  more  than  we  should  expect,  since  plants 
and  animals  are  not  fixed  and  permanent  bodies  like  minerals, 
subject  only  to  change  from  the  accidental  influence,  as  it  may 
be  called,  of  external  agents ;  they  are  objects  which  present 
continual  change  so  long  as  they  retain  the  prime  characteristic, 
life.  This  change  every  one  knows  to  be  connected  in  almost 
all  cases  with  a  flow  of  liquid  matter  through  the  mass,  convey- 
ing nutriment,  removing  useless  matter,  or  otherwise  importantly 
contributing  to  interrupt  and  restore  the  equilibrium  or  equable 
composition  of  the  whole. 

But  this  is  not  all ;  even  the  solid  constituents  present  differ- 
ences of  composition,  not  only  in  the  clearly  distinct  parts  of 
the  individual  objects,  but  even  within  limits  which  can  only  be 
comprehended  after  a  microscopic  examination  of  the  textures 
composing  the  body ;  and  we  may  find  widely  different  chemical 
substances  collected  together,  lying  undisturbedly  side  by  side 
and  maintaining  their  independence,  in  the  most  minute  frag^ 
ment  of  vegetable  or  animal  substance  which  our  instruments 
enable  us  to  isolate  or  to  perceive. 

The  reason  of  this  is  plain.  Chemistry  teaches  us  that  all 
matter,  dead  or  living,  is  derived  from  some  sixty  primaiy 
elements,  that  is,  substances  which,  according  to  our  present 
knowledge,  must  be  regarded  as  simple,  because  we  cannot  de- 
compose them.  Such  are  the  metals,  for  instance;  but  by  far 
the  most  important  to  the  physiologist  are  those  which  con- 
stitute the  principal  bulk  of  animal  and  vegetable  substances, 
the  three  gaseous  elements,  oxygen^  hydrogen^  and  nitrogen^ 
and  the  more  variable  element  carbon^  which  is  most  familiar 
to  us  in  the  form  of  charcoal.     Those  who  have  studied  what 
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is  called  organic  chemistry  know  that  the  substances  consti- 
tuting the  structure,  and  contained  in  the  liquids  and  solids 
of  plants  and  animals,  are  in  large  proportion  composed  of 
peculiar  combinations  of  the  simple  elements,  formed  only  in 
bodies  which  possess  or  have  had  life,  and  which  cannot  be 
prepared  artificially  by  the  chemist  from  purely  mineral  con- 
stituents. Of  these  may  be  mentioned  cellulose,  the  substance 
composing  the  main  bulk  of  the  solid  parts  of  vegetables ;  aUmmeUy 
fibriney  and  others,  which  occur  in  modified  forms  both  in  vege- 
table and  animal  bodies ;  gelatine,  an  important  constituent  of 
the  bones,,  skin,  &c.,  of  animals ;  together  with  various  matters 
solid  or  liquid  which  occur  in  the  interior  of  the  substance  of  animals 
and  vegetables,  such  as  starch,  oils,  fat,  gums,  &c.  A  knowledge 
of  chemistry  teaches  us  that  these  matters,  belong  exclusively  to 
bodies  which  have  possessed  life.  Thus  we  see  that  living  things 
have  what  we  may  call  compound  chemical  elements,  known  to 
chemists  as  proximate  principles.  But  how  these  present  them- 
selves in  the  first  instance,  and  what  their  relation  is  to  the 
phenomena  of  life,  chemistry  by  itself  can  but  partially  ex- 
plain. 

The  terms  organic  and  inorganic  are  now  tolerably  familiar  to 
ev^ry  one  as  used  in  reference  to  the  various  kinds  of  bodies 
forming  the  earth  and  its  inhabitants.  The  word  organ  signifies 
an  instrument  or  apparatus,  and  in  natural  science  it  is  used  in 
the  especial  sense  of  an  instrument  by  which  some  vital  function 
is  performed.  Thus  in  man  and  the  higher  animals  we  have 
organs  of  sense ;  as  the  eye,  the  instrument  by  which  we  receive 
most  of  our  sensations  of  form,  but  more  particularly  of  colour ; 
the  ear,  the  instrument  which  conveys  to  the  mind  the  sensations  of 
sound,  &c.  In  man  and  the  higher  animals  life  is  so  complicated 
a  phenomenon  that  the  organs  are  very  numerous  and  diverse, 
and  they  admit  of  classification  under  many  different  heads ;  the 
functions  are  for  the  most  jgxt  distributed  to  different  and  sepa* 
Tate  organs ;  this  being  in  general  a  mark  of  perfection  in  the 
«cale  of  organization.  Down  to  a  very  low  point  in  the  animal 
Jdngdom,  we  find  systems  or  classes  of  organs,  of  different  kinds, 
associated  in  the  same  body :  organs  of  digestion,  respiration, 
&c.,  of  motion,  and  of  sense,  localised  in  particular  parts  of  the 
frame,  and,  although  acting  in  concert,  incapable  of  taking  on 
the  functions  of  each  other. 

When  we  pass  over  from  the  animal  to  the  vegetable  kingdom, 
we  leave  behind  the  organs  of  sense  and  motion ;  those  connected 
with  nutrition  and  reproduction  alone  remain— that  is  to  say, 
speaking  in  a  general  sense,  and  without  reference  to  certain 
minute  and  imperfectly  studied  forms,  which  are  revealed  to  us  by 
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the  microscope.  A  further  peculiarity  is,  that  while  in  animals 
it  is  a  general  rule  for  the  organs  connected  with  the  support  of 
the  individual  life,  namely,,  those  of  digestion,  respiration,  &c.,  to 
be  situated  in  the  interior  of  the  body — and  the  more  completely 
so  the  more  complex  the  apparatus — in  plants  the  organs  of 
absorption,  respiration,  &c ,  are  turned  outwards  and  displayed 
on  the  surface  of  the  body ;  so  that  as  regards  general  organiza- 
tion, plants  have  no  internal  anatomy  ;  the  study  of  their  external 
forms  corresponds  to  the  study  of  the  comparative  anatomy  of 
animals. 

The  exposure  of  the  vital  organs  on  the  outside  of  the  frame 
in  vegetables  is  in  agreement  with  the  peculiarity  of  their  con- 
dition as  regards  external  objects.  Animals  endowed  with 
organs  of  sense  and  motion  can  seek  their  appropriate  food  and 
convey  it  to  an  internally-situated  stomach,  by  the  surface  of 
which,  and  of  the  rest  of  the  intestinal  canal,  the  nutritive 
matter  is  absorbed.  Plants,  fixed  to  the  earth,  devoid  of  organs 
of  sense  and  motion,  are  provided  with  organs  which  in  their 
natural  growth  make  their  way  into  media  whence  they  can 
obtain  food  by  simple  absorption  at  their  surface  :  as  when  roots 
grow  into  the  soil,  and  leaves  expand  themselves  in  the 
atmosphere. 

It  has  been  noticed  above  that  when  we  chemically  examine 
fragments  of  any  of  the  organs  thus  characterized,  we  do  not  find 
them  of  homogeneous  or  uniform  constitution,  made  up  of  one, 
even  of  two  proximate  principles  or  compound  elements,  or  of 
two  or  more  of  them  chemically  combined.  We  find  two  or 
more  of  these  principles  co- existent,  and  their  relative  amounts 
varying  according  to  circumstances.  The  microscope  alone  can 
help  us  here.  By  its  aid  we  discover  that  the  organs  which  we 
perceive  and  distinguish  by  ordinary  vision  are  composed  of 
other  extremely  minute  structures,  which  being,  to  a  certain 
sense,  complete  in  themselves,  but  associated  for  a  common  pur- 
pose, may  be  compared  with  the  large  organs,  of  which  they  form 
part,  the  latter  being  in  like  manner  associated  to  constitute  the 
entire  body. 

As  in  chemistry  we  arrive  in  our  analyses  at  elements  which 
cannot  be  further  decomposed,  so  in  microscopic  anatomy  we 
arrive  at  certain  forms  of  structure  which  do  not  admit  of  further 
subdivision  or  separation  without  losing  their  distinctive  charac- 
teristics as  constituents  of  particular  kinds  of  living  bodies,  and 
falling  into  the  condition  of  mere  organic  substances^  distinguish- 
able only  by  chemical  characters.  For  example :  a  potato- 
tuber,  when  in  its  natural  state,  appears  nearly  solid,  and  to  the 
naked  eye  its  internal  substance  exhibits  no  very  complex  con- 
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(litiori;  yet  chemical  analysds  woukl  reveal  the  presence  of 
starch  and  of  cellulose,  besides  certain  nitrogenous  principles,  &c. 
When  the  potato  is  boiled,  it  becomes  more  or  less  crumbling, 
much  of  it  falls  into  the  *  floury '  state.  A  portion  of  this  '  flour,' 
placed  under  the  microscope,  is  found  to  consist  of  minute 
roundish  or  oval  bags,  of  a  delicate  membrane,  which  have  be- 
come more  or  less  separated  by  boiling.  They  may  be  obtained 
in  a  still  better  condition  for  examination  by  soaking  a  fragment 
of  potato  for  several  days  in  water,  until  it  appears  softened  and 
almost  liquefied.  These  little  sacs  or  bags  are  formed  of  the  cel- 
lulose, and  contain  the  starch  and  the  nitrogenous  principles. 
If  we  tear  these  sacs  or  crush  them  down,  they  lose  their  dis- 
tinctive character  as  constituents  of  the  particular  structure  of 
the  potato-tuber,  and  become  mere  fragments  of  cellulose,  recog- 
nizable as  such  by  chemical  tests,  and  thereby  known  to  be 
of  organic  origin,  but  deprived  of  all  the  characteristic  pecu- 
liarities as  constituent  parts  of  a  particular  organization. 

All  animal  and  vegetable  organs  are  composed  of  microscopic 
constituents  more  or  less  resembling  the  sacs  or  cells  just  re- 
ferred to  in  the  potato.  These  are  the  final  points  at  which  we 
arrive  in  our  dissection  or  anatomical  analysis  of  organic  struc- 
tures. Hence  we  term  them  the  elementary  organs^  for,  like  the 
large  and  conspicuous  organs,  they  have  a  definite  and  charac- 
teristic form  and  construction,  while  they  cannot  be  subdivided 
without  passing  from  the  condition  of  organs  into  that  of  mere 
organic  substances.  The  larger  organs  very  commonly  contain 
several  different  kinds  or  forms  of  elementary  organs  in  their 
composition ;  these,  however,  are  not  then  intermixed  at  random, 
but  combined  according  to  particular  laws  of  arrangement.  Such 
collections  of  elementary  organs,  known  by  the  name  of  tissues^ 
are  divisible  into  simple  and  complex  tissues,  according  as  one 
or  more  kinds  of  elementary  organ  enter  into  their  construction. 
In  animals,  where  the  functions  are  multifold,  diverse,  and  much 
localized,  the  modifications  occurring  among  the  elementary 
organs  are  very  important  and  the  tissues  very  distinct  in 
character.  In  the  higher  animals,  moreover,  the  large  organs  are 
so  individualized  that  the  broad  general  laws  of  physiology  may 
be  comprehended  without  much  acquaintance  with  the  pheno- 
mena occurring  in  the  minute  structures,  on  which,  however, 
these  same  laws  are  ultimately  founded. 

In  plants,  on  the  contrary,  the  functions  are  not  only  much 
more  simple,  but  they  are  even  to  a  great  extent  diffused  through- 
out the  whole  frame,  and  almost  any  part  may  be  modified  by 
circumstances  so  as  to  perform  any  function.  In  accordance 
with  this,  the  elementary  organs  do  not  display  that  diversity 
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which  exists  in  animal  tissues,  and  they  may,  in  all  vegetables, 
be  readily  referred  to  one  tjrpe,  of  which  they  are  very  simple 
modifications. 

This  simplicity  of  vegetable  structures,  while  it  renders  the 
study  of  their  anatomy  more  easy,  makes  this  the  more  indis- 
pensable to  the  vegetable  physiologist ;  since  it  is  evident  that 
if  the  different  external  organs,  such  as  the  leaves,  stems,  and 
roots,  can  all  exercise  any  of  the  functions  of  vegetable  life,  the 
general  anatomy  or  study  of  external  form  can  be  of  little  use  in 
guiding  us,  and  we  must  make  ourselves  acquainted  with  the 
characteristics  of  the  elementary  tissues  of  which  any  given 
organ  is  composed. 

To  illustrate  this,  we  are  not  liable  to  mistake  when  we  say 
that  in  Man  and  the  higher  animals  respiration  is  performed' 
by  the  lungs.  We  could  not  say  in  the  same  general  way  that 
the  leaves  constitute  the  respiratory  organs  of  plants,  for  this 
function  is  not  only  ordinarily  performed  in  part  by  green  shoots 
of  the  stem,  but  in  some  cases,  as  in  the  Cacti,  the  leaves  are 
represented  by  hard  spines,  and  the  stem  assumes  entirely  the 
respiratory  function ;  and  yet  the  Cactaceae  belong  to  the 
highest  class  of  plants.  Again,  the  stomach  and  intestinal  canal 
of  animals  in  general  are  the  organs  for  the  absorption  of  food ; 
and  this  function  is  only  combined  with  others  when  the  whole 
organization  is  very  low  in  the  scale  :  but  in  plants  we  not  un- 
commonly see  the  roots  assuming  additional  or  different  functions 
even  in  the  highest  forms  of  vegetable  life ;  for  in  the  turnip, 
carrot,  and  other  analogous  cultivated  plants,  the  root  becomes 
an  organ  not  simply  of  absorption,  but  for  the  deposition  and 
^mporary  jireservation  of  assimilated  food.  In  the  ivy,  tufts  of 
adventitious  roots  spring  out  from  the  stem  to  form  merely  me- 
chanical organs  of  attachment  to  the  bodies  on  which  the  plant 
climbs;  while  the  constant  occurrence  of  adventitious  or  acci- 
dental roots,  developed  from  the  stem  under  the  influence  of 
peculiar  circumstances,  proves  still  more  strikingly  the  modifi- 
able character  of  the  general  organization  of  plants,  even  of  those 
standing  highest  in  point  of  anatomical  structure. 

Modification  and  change  are  indeed  the  most  striking  attributes 
of  living  objects,  those  which  best  mark  their  difference  from  and 
pre-eminence  over  lifeless  matter :  and  such  being  the  case,  it 
must  at  once  appear  evident  to  every  thinking  mind  that  the  study 
of  forms  or  conditions  existing  at  any  one  point  of  time  can  lead 
but  a  little  way  into  the  secrets  of  the  laws  of  life.  To  trace 
these  to  their  converging  points,  to  penetrate  to  the  inner  con- 
nexion which  exists  in  the  midst  of  the  multiformity  of  appear- 
ances, it  is  necessary  to  follow  step  by  step  the  gradual  unfolding 
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of  the  forms  from  the  simplest  to  the  most  complicated.  This 
leads  to  the  recognition  of  the  general  plans  upon  which  the 
whole  phenomena  march,  and  enables  us  to  comprehend,  when 
thoroughly  studied,  the  difference  and  apparent  discrepancies 
which  are  constantly  observed  in  comparing  isolated  obser- 
vations. 

Two  methods  exist  by  which  these  laws  of  variation  and  com- 
bination may  be  studied,  both  of  which  are  used  by  the  physio- 
logist, each  assisting  to  clear  up  the  difficulties  of  the  other, 
and,  as  it  were,  demonstrating  its  problems  by  a  different  pro- 
cess— these  are.  Comparative  Physiology  and  the  study  of  Deve- 
lopment. In  the  latter  we  pursue  the  unfolding  of  the  individual 
body  from  the  earliest  and  simplest  recognizable  stage,  when  it 
is  a  simple  microscopic  germ ;  in  the  former  we  are  enabled  to 
detect  an  analogous  (but  by  no  means  similar)  series  of  forms, 
with  variations  on  different  types,  in  the  countless  varieties  of 
individual  kinds  which  lie  between  the  microscopic  infusorium 
and  man,  or  between  the  yeast-cell  and  the  forest-tree.    . 

The  study  of  the  development  or  unfolding  of  structures,  con- 
stitutes the  only  safe  foundation  for  a  knowledge  of  the  pheno- 
mena of  life,  both  in  the  animal  and  vegetable  kingdoms ;  but  it 
stands  on  relatively  higher  ground  in  the  latter,  from  the  circum- 
stance that  vegetable  life  may  be  said  to  consist  wholly  of  deve- 
lopment. Almost  all  change  here  consists  of  the  production  of 
new  structures  or  the  completion  of  older,  without  anything 
which  can  be  compared  with  the  reparation  or  renewal  of  struc- 
tures occurring  in  the  nutrition  of  animals.  Man  and  the  higher 
animals  exhibit  unmistakeable  examples  of  the  effects  of  the 
nutrition  of  which  we  speak.  They  attain  at  a  certain  period 
their  full  growth,  and,  remaining  for  a  shorter  or  longer  period 
in  their  prime^  then  begin  Jo  descend  into  decay.  Throughout 
all  this  period  two  processes  run  side  by  side, — development  of 
new  structure  and  absorption  of  part  of  that  previously  formed ; 
throughout  the  first  part  of  the  life  development  exceeds  absorp- 
tion, in  the  latter  part  absorption  exceeds  development ;  but  both 
are  in  more  or  less  active  operation  throughout  life.  In  plants 
there  is  no  analogous  set  of  circumstances ;  there  exists  no  similar 
process  of  absorption  of  used-up  parts.  The  life,  excepting  of 
course  during  the  hybernating  periods,  when  all  the  processes  are 
at  rest,  as  during  the  winter  in  our  latitudes — the  life  consists  of 
constant  new  formation  of  substance,  and  the  form  of  the  entire 
individual  is  undergoing  constant  change.  In  annual  plants  wc 
cannot  say  that  the  individual  is  in  its  prime  at  any  epoch,  cer- 
tainly not  at  the  period  when  it  is  usually  most  attractive — that 
of  flowering,  and  hardly  at. the  time  when  the  fruit  is  ripe,  since 
then  the  great  body  of  the  structure  is  on  the  verge  of  dissolution. 
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in  perennials  the  flowering  and  fruiting  may  be  repeated  jear 
after  year,  and  in  trees  the  life  is  capable  of  extension  to  an  in- 
definite period,  apparently  only  limited  by  external  circumstances. 
In  a  long  course  of  existence  the  tree  does  not  absorb  and  excrete 
the  dead  and  worn  out  structures  like  an  animal,  replacing  them 
in  the  same  spot  and  in  the  same  condition,  but  in  part  throws 
them  off  entirely,  as  in  the  falling  leaves  and  the  withering  en- 
velopes of  the  blossom,  replaced  on  new  shoots  springing  forth 
beyond  them — in  part  overgrows  and  buries  them,  as  it  were, 
retaining  them  as  a  solid  foundation  for  younger  growth,  as  when 
the  heart- wood  of  the  oak  is  increased  by  yearly  layers  of  new 
substance,  or  the  crown  of  the  palm  is  gradually  elevated  upon 
its  monumental  column. 

The  study  of  development  is  the  great  business  of  the  vege- 
table physiologist.  But  the  study  of  comparative  physiology  is 
scarcely  less  important  when  guided  and  checked  by  the  other 
branch  of  research.  For,  as  is  known  to  every  one  who  has 
mastered  the  rudiments  of  natural  history,  the  organic  kingdoms 
present  us  with  countless  different  kinds  of  plants  and  animals, 
in  which  we  recognise  almost  every  possible  difierent  degree  of 
complexity  (or  simplicity)  of  organization.  And  it  is  also  well 
known  that  the  higher  forms  all  pass  through  stages  which, 
although  actually  very  different  and  with  a  different  destiny,  may 
be  compared,  as  regards  the  physiological  phenomena  they  pre- 
sent, to  different  perfect  kinds  standing  fixed  at  successive  points 
of  elevation  in  the  scale  of  organization. 

The  kinds  belonging  to  the  lower  classes  of  animals  and 
plants,  from  the  greater  simplicity  of  structure,  admit  of  our 
examining  them  more  completely  and  thoroughly  in  a  living 
state.  It  is  manifest  that  we  could  not  observe  the  conditions  of 
structure  of  a  leaf  or  other  organ  oi  the  higher  plants  without 
dissection  and  consequent  destruction.  But  there  exist  plants  of 
small  size  and  simple  organization,  composed  of  merely  a  few 
cells^  the  organic  elements  of  which  the  leaf  is  composed.  These 
minute  forms  of  life  are  so  small  and  transparent,  that  we  can 
see  through  and  through  them  by  the  help  of  the  microscope. 
Therefore,  when  anatomy  proves  to  us  that  the  tissues  are  similar, 
and  chemistry  tells  us  that  the  combinations  and  decompositions 
which  take  place  in  them  are  the  same,  we  fairly  conclude  that 
our  observations  of  the  phenomena  of  growth  and  reproduction 
in  these  lower  plants  afford  us  sound  data  for  ascertaining  the 
laws  which  govern  the  life  of  the  higher  forms.  Nature  thus 
not  only  gives  us,  as  it  were,  dissections  ready-made,  but  she  ex- 
hibits, as  it  were,  fragments  of  life  from  which  we  may  piece 
together  the  complicated  sum  of  the  life  of  the  higher  forms. 

The  pursuit  of  the  development  of  the  higher  forms,  from  the 
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condition  of  a  simple  cell  or  single  elementary  organ^  from 
which  all  take  their  start,  through  all  their  deviations  and 
complications,  leading  to  a  knowledge  of  the  conditions  of  all 
parts  and  at  all  periods,  comes  to  our  hands  as  the  process  of 
verification  ;  since,  so  far  as  we  at  present  know,  it  is  found  that 
the  same  changes  and  the  same  kinds  of  growth  take  place  in 
a  similar  manner  in  all  plants,  whether  they  be  the  principal 
moments  of  life  of  a  simple  microscopic  being,  or  subordinate  and 
passing  phenomena  in  the  life  of  the  mighty  giants  of  the  tropical 
forests  whose  periods  of  growth  extend  through  centuries. 

The  elementary  oi^^ans  of  plants  are  too  small  to  be  distin- 
guished singly  by  the  naked  eye.  For  their  investigation,  there- 
fore, it  is  necessary  to  have  recourse  to  magnifying  instruments ; 
and  hence  the  Microscope  is  one  of  the  indispensable  tools  of  the 
physiologist.  The  value  of  microscopic  observations  and  the 
certainty  belonging  to  them  are  no  longer  subjects  of  question 
among  scientific  men ;  bat  there  still  lingers  perhaps  among  the 
oninitiated  some  of  that  incredulity  and  suspicion  which  almost 
always  attaches  at  first  to  any  contrivance  for  extending  the  reach 
of  the  senses  beyond  the  ordinary  range.  A  little  reflecticm, 
however,  is  sufficient  to  show  how  groundless  are  the  objections 
usually  urged  as  to  the  uncertainty  and  discrepancy  of  the  state* 
ments  made  by  microscopic  observers.  In  the  first  place  the 
microscope  is  a  tool  requiring  delicate  and  skilful  management, 
and  can  no  more  be  applied  efficiently  without  practice  and  skill 
than  the  turner's  lathe.  In  itself,  a  well-made  modern  microscope 
is  a  very  perfect  instrument,  and  the  physiologist  depends  upon 
it  as  the  surveyor  does  upon  his  theodolite  or  the  navigator  on 
his  sextant  The  optical  principles  upon  which  a  microscope 
are  constructed  are  now  sufficiently  understood,  and  the  work  is 
now  so  well  executed,  that  in  the  majority  of  ordinary  observa- 
tions there  is  little  danger  of  deception,  except  from  the  want  of 
care  in  preparing  the  objects  observed. 

The  utility  and  mode  of  action  of  the  instrument  may  be  very 
simply  explained.  With  the  naked  eye  we  see  objects  clearly 
only  within  a  certain  range,  not  beyond  a  certain  distance,  and 
also  not  within  a  certain  distance.  The  absolute  distances  vary 
with  different  persons  ;  but  any  one  may  observe  that  if  a  piece 
of  printed  paper  is  held  before  the  eye,  so  that  the  letters  are 
clearly  seen,  and  it  is  then  brought  gradually  very  close  to  the 
eye,  the  letters  become  confused,  and  all  distinct  vision  is  lost. 
The  eye,  in  fact,  consists  of  a  set  of  lenses  (or  what  are  commonly 
called  '  magnifying  glasses ')  capable  of  much  adjustment,  but 
incapable  of  being  adjusted  so  that  objects  almost  close  to  the 
eye  can  be  seen.     The  rays  of  light  from  such  objects  arc  not 
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brought  to  a  focus  on  the  sensitive  surface  at  the  back  of  the 
eye,  and  therefore  vision  is  indistinct.  When  a  small  lens  or 
magnifying  glass  is  interposed  in  front  of  the  eye,  it  condenses 
the  rays  of  light  (just  as  it  condenses  the  rays  of  the  sun  when 
used  as  a  burning-glass),  and  brings  them  to  a  focus  on  the 
retina,  so  that  the  object  is  seen  clearly.  At  the  same  time, 
however,  from  the  mode  in  which  the  rays  of  light  are  bent  by 
the  lens,  the  object  is  magnified ;  it  appears  larger  and  at  a 
greater  distance  from  the  eye  than  it  really  is.  All  this  may  be 
proved  with  any  common  magnify ing-glass,  and  is  indeed  no 
more  than  the  ordinary  action  of  the  spectacles  used  by  old  per- 
sons for  reading  and  other  purposes,  when  they  suffer  from  dim- 
ness of  sight  of  near  objects.  The  principles  involved  here  are 
as  certain  as  any  that  have  been  ascertained  in  any  department 
of  science  ;  and  the  construction  of  the  more  powerful  magni- 
fying instruments  used  by  microscopic  observers  is  regulated 
by  the  same  laws,  only  in  a  more  complicated  application. 

In  most  physiological  observations  with  the  microscope,  there^ 
fore,  where  the  instrument  is  good,  little  doubt  need  attach  to 
those  results  which  depend  upon  things  which  are  clearly  seen 
by  an  experienced  obsen-er.  But  when  it  is  considered  how 
delicate  and  minute  are  the  objects  investigated,  compared  with 
those  which  we  ordinarily  see,  and  when  it  is  remembered  that 
in  many  cases  we  are  reduced  to  seeing  alone,  and  cannot  touch, 
taste,  smell,  weigh,  or  otherwise  examine,  so  as  to  control  the 
perceptions  of  the  eye,  it  is  not  strange  that  in  the  earlier  stages 
of  the  application  of  the  microscope  much  misapprehension'  and 
many  errors  should  have  arisen.  To  work  properly  with  the 
microscope  the  eye  requires  a  special  education,  affording  it  an 
experience  which  compensates  for  the  absence  of  those  checks 
which  in  the  case  of  ordinary  vision  are  supplied  by  the  other 
senses.  Perhaps  the  greatest  of  the  practical  difficulties,  how- 
ever, of  microscopic  investigation  in  the  present  day,  lie  in  the 
dissection  and  preparation  of  the  objects  to  be  observed,  which, 
from  their  minute  dimensions  and  often  excessive  delicacy,  call 
for  the  exercise  of  a  manipulative  skill  demanding  long  practice 
for  its  acquisition,  and  very  considerable  perseverance  in  its 
application.  This  is  especially  the  case  in  all  those  inquiries 
on  which  the  most  important  physiological  questions  hinge. 
But  there  is  no  greater  obstacle  here  than  is  met  with  in  the 
pursuit  of  the  other  branches  of  natural  science,  and  indeed  in 
any  thorough  application  of  human  intelligence.  Nothing  solid 
is  to  be  learned  or  gained  by  man  by  the  use  of  his  faculties  in 
any  field  without  serving  an  apprenticeship.  Chemistry  worked 
long  through  doubt  and  obscurity,  and  has  now  proved  itself  one 
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of  the  most  important  of  the  aids  to  practical  advancement  ia 
almost  every  branch  of  human  industry,  Physiology  has  vindi- 
eated  its  position  in  connexion  with  the  art  of  medicine,  and  is 
daily  offering  new  material  for  the  still  more  important  art  of 
preserving  health — hygiene.  But  in  reference  to  agriculture  its 
importance  is  not  yet  thoroughly  recognised ;  nor  could  it  be  so 
while  few  of  the  general  principles  were  clearly  understood. 
These  waited  for  the  aid  of  chemistry.  Armed  with  the  results 
furnished  by  the  sister  science,  and  the  means  supplied  by  the 
great  improvements  made  in  the  optical  part  of  microscopes 
within  the  last  twenty  years,  much  may  now  be  expected  from 
physiology,  on  the  laws  of  which  indeed  (the  laws  of  life)  con- 
sciously, or  at  present  more  frequently  unconsciously,  the  whole 
art  of  cultivation,  the  rearing  of  plants  and  animals  mainly 
rests. 

We  have  said  above  that  plants  are  composed  of  minute  but 
distinctly  characterised  parts  which  are  called  elementary  organs. 
All  vegetable  structures  are  made  up  of  these,  and  increase  in 
mass  by  their  multiplication  and  expansion ;  all  vegetable  pro- 
ducts are  elaborated  in  the  interior  or  deposited  in  the  substance 
of  these  elementary  organs.  The  knowledge  of  these  elementary 
**  atoms  "  then  must  constitute  the  groundwork  of  all  knowledge 
of  vegetable  life.  The  examination  of  the  essential  general 
characters  of  vegetable  cel/Sj  and  their  modes  of  raultiplica- 
ti<m,  must  therefore  form  the  first  step  in  all  physiological 
inquiries. 

if  we  squeeze  a  leaf,  or  any  other  soft  part  of  a  plant,  between 
the  fingers,  we  see  liquid  exude,  showing  that  the  substance  is 
not  solid,  but  of  the  consistence  which  is  commonly  called  spongy. 
But  we  should  mistake  if  we  imagined  that  the  texture  is  similar 
to  that  of  sponge.  Sponge  is  composed  of  delicate  horny 
threads  interwoven  and  netted  together,  and  holds  liquid  in 
the  interspaces  between  these  threads  just  in  the  same  way  as 
a  bundle  of  tow  would  do,  or  as  the  wick  of  a  lamp  soaks  up 
the  oil. 

The  substance  of  vegetables  is  very  different  from  this,  and 
the  liquids  they  contain  are  not  merely  diffused  through  a  porous 
texture,  but  are  contained  in  closed  cases,  so  that  they  do  not 
escape  unless  the  parts  in  which  they  lie  are  cut  or  bruised.  If 
we  cut  an  extremely  thin  slice  of  the  substance  of  a  leaf  and 
examine  this  under  the  microscope,  we  find  that  the  spongy  struc- 
ture is  composed  of  a  vast  number  of  little  bags  filled  with 
liquid,  somewhat  loosely  packed  together  in  the  inside  of  the 
leaf,  and  we  find  air  and  not  liquid  in  the  interspaces  between 
these  bags. 

These  little  bags  are  more  easily  seen  in  slices  of  the  soft 
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parts  of  steins,  especially  of  pith,  such  as  that  of  the  elder,  where 
they  are  very  large,  or  in  the  pith  of  rushes,  the  substance  used 
for  the  wicks  of  rushlights.  Slices  of  these  structures  look  like 
pieces  of  network  under  the  microscope,  and  might  mislead  a 
person  glancing  at  them  hastily,  but  the  deception  is  readily 
detected ;  it  depends  upon  our  seeing  only  part  of  the  bags  (the 
sides)  at  a  time,  just  as  the  joints  in  a  piece  of  brickwork  appear 
as  a  network  of  lines  upon  the  surface  of  a  wall. 

We  cannot,  indeed,  better  illustrate  the  mode  in  which  vege- 
table structure  is  made  up  than  by  comparing  it  with  brickwork, 
the  single  bricks  being  represented  in  the  plant  by  the  little  bags 
before-mentioned.  We  can  imagine  bricks  to  be  of  any  shape, 
such  as  oblong,  square,  flat  like  tiles,  &c.,  and  then  they  may  be 
packed  close  together ;  sometimes  the  structure  of  vegetables  is 
of  this  form  and  arrangement,   as  especially  in  hark.     If  the 

Fig.  1. 


Slice  of  the  bark  of  a  young  branch  of  Beech,  magnified  200  diameters. 

bricks  were  made  round  or  oval,  however,  they  could  not  be 
packed  so  as  to  touch  at  all  points,  but  would  leave  passages  be- 
tween them,  just  as  is  the  case  when  a  number  of  cannon  balls 
are  piled  together ;  the  annexed  drawings  will  represent  the  way 
in  which  the  loose  and  spongy  textures  of  plants  are  formed. 

Fig.  2. 


Fragment  of  a  cross  slice  from  the  stem  of  the  White  Lily,  magnified  200  diameters. 

We  have  spoken  ot  the  minute  parts  of  which  substance'  is 
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composed  as  "  little  bags ;"  these  hare  a  particular  name  applied 
to  them,  and  are  called  cells^  which  signifies  small  chambers, 
since,  in  fact,  thej  are  little  chambers  in  the  interior  of  the  plant 


SHce  of  tin  rind  of  the  stem  of  Bar-Reed  {Spturganivm.  ramontm,),  composed  of  starlike  cells  with 
wide  interspaces^  magnified  200  diameters. 

like  the  chambers  or  cells  in  a  honeycomb.     Unlike  the  cham- 
bers of  a  honeycomb,  however,  or  chambers  in  a  building,  they 
are  not  mere  hollows  in  a  firm 
substance  which  forms  partitions  Fig.  4. 

between  them,  they  are  really  sepa- 
rate, closed  chambers,  each  having 
its  own  distinct  wall,  so  that  the 
partition  between  any  two  is  al- 
ways double,  and  the  single  cells 
may  even  be  separated  from  one 
another. 

The  substance  of  the  potato, 
which  seems  solid  to  the  naked 
eye,  appears,  in  a  slice  under 
the  microscope,  as  a  mass  of 
vesicles  or  membranous  bags 
(filled  with  starch),  and  if  a  piece 
of  potato  is  allowed  to  lie  in  water 
for  a  day  or  two,  until  it  begins  to 
soften  and  decay,  on  taking  some 

of   the  soft    portion  and  placing;  it    CellBfrom  a  macerated  Poteto,  almost  sepa- 
1        ^,  *.  *  ^1  rated,  and  showing  Starth-granules  inside, 

under  the  microscope,  we  see  the      magnified  200  diameters. 
cells  separated   from  each   other. 
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each  still  entire,  inclosing  its  mass  of  starch  grains,  and  looking, 
when  highly  magnified,  like  a  bagfull  of  oyster-shells. 

The  easiest  way,  however,  to  obtain  a  clear  idea  of  the  nature 
of  these  cells  of  plants,  is  to  examine  microscopic  plants,  for  the 
size  of  the  cell  does  not  diminish  in  equal  proportion  to  the  size 
of  the  smaller  plants ;  these  are  composed  of  fewer  cells,  and  we 
can  descend  so  far  that  the  number  is  reduced  to  the  lowest  point, 
so  that  in  the  smallest  and  simplest  plants  we  are  acquainted 
with,  the  whole  individual  plant  consists  merely  of  a  single 
little  bag,  or  cell,  like  one  of  those  we  see  in  such  numbers  in  a  , 
slice  of  the  substance  of  an  ordinary  plant. 

Most  persons  must  have  ^noticed  the  green  powder  which 
covers  the  bark  of  trees,  wooden  palings,  damp  walls,  &c.,  look- 
ing like  a  mere  stain.  Its  green  colour  indicates  that  it  is  of 
vegetable  nature,  and  it  is  well  known  to  botanists  as  depending 
upon  the  presence  of  countless  millions  of  specimens  of  a  very 
curious  and  interesting  plant,  each  single  one  of  which  consists 
simply  of  a  membranous  bag  of  globular  form,  l-6000th  of  an 
inch  in  diameter,  filled  with  liquid  containing  green  colouring 
matter. 

The  history  of  this  plant  is  very  instructive  as  regards  the 
nature  and  mode  of  growth  of  vegetable  structure,  and  we  shall 
therefore  describe  the  most  important  features  of  it. 

When  a  small  quantity  of  the  green  substance  is  examined  by 
a  lovf  magnifying  power  it  appears  to  con- 
sist of  fine  grains ;  but  if  we  use  a  high 
power  we  find  that  each  grain  consists  of 
a  colourless  bag  of  membrane,  like  a  little 
bladder,  and  that  it  owes  its  colour  to 
green  substance  lying  in  the  thick  liquid 
contents,  which  may  be  squeezed  out  by 
pressure.  If  acids  are  applied,  the  con- 
tents are  seen  to  contract  and  become  more 
solid ;  they  then  lie  as  a  little  mass  in  the 
centre  of  the  bag,  the  colourless  character 
Cells  of  ivo^ococcu*  triridu  in  ^^.  which  is  thus  morc  clearly  seen.     These 

S^'SlgmameVr""'  ^^^}^^  ^^§?  ^^  ^^^^*  ^^^^^^^  represent  the 
microscopic  elements,  of  which  all  the  soft 
green  parts  of  the  higher  plants  are  composed.  In  a  slice 
through  a  leaf  of  the  bay-laurel,  for  instance,  we  see  that  the 
spongy  texture  between  the  skins  of  the  upper  and  lower  sur- 
faces is  composed  of  innumerable  little  colourless  bags  or  cells 
of  exactly  the  same  kind,  which  owe  their  colour,  in  like  manner, 
to  green  substance  contained  in  the  liquid  with  which  they  are 
filled. 

Since  the  large  structures  of  the  higher  plants  are  formed  of 
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great  quantities  of  these  cells,  and  not  bj  the  mere  expansion  of 
a  few  original  cells,  it  becomes  a  question  of  great  interest  to 


Fig.  6. 


a^^ 


Peipendicnlar  slice  of  the  leaf  of  the  Bay-Laurel ;  a,  a',  the  skin  of  the  upper  and  lower  surfaces ; 
h,  a  rib  running  through  the  spongy  substance.    Idagnified  200  diameters. 

know  how  these  cells  increase  in  number  in  the  growth  of  plants. 
Our  little  Protococcus^  or  green  dust,  will  furnish  us  with  useful 
information  here.  Most  of  the  cells,  examined  with  a  high 
maornifying  power,  will  be  found  to  exhibit  an  appearance 
differing  a  little  from  the  simplest  state  above  described.  They 
will  exhibit  various  stages  of  the  increase  of  these  cells.  They 
will  be  found  to  display  a  more  or  less  distinct  line  extending 
across  and  cutting  them  into  halves,  or  two  lines,  crossing  one 
another,  and  thus  cutting  the  cells  into  quarters  (fig.  5).  These 
are  true  divisions,  and  by  watching  the  progress  of  growth  we  find 
that  the  cells  do  become  really  divided  in  these  lines,  and  that  four 
cells  are  thus  formed  from  each,  these  four  at  length  separating 
and  gprowing  up  by  degrees  to  the  size  of  the  parent.  This  in- 
crease of  size  begins  before  they  have  separated  from  each  other, 
so  that  the  groups  of  four  imperfectly  divided  cells  are  always 
larger  than  the  single  cells. 

The  increase  in  this  case  ends  directly  in  the  increase  of  the 
number  of  separate  individuals,  but  it  is  evident  that  if  the  four 
cells  remained  adherent  together,  and  swelled  and  divided  again 
in  the  same  manner,  and  went  on  repeating  the  process,  the  mass 
of  cells  might  continue  to  increase  in  size  up  to  any  degree,  and, 
moreover,  it  is  clear  that  the  larger  the  mass  the  more  quickly  it 
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would  grow.  Thus  in  the  same  length  of  time  that  the  first  ceil 
occupied  in  dividing  into  four^  these  four  may  repeat  the  process 
and  produce  sixteen ;  then  if  each  of  these  divides  in  the  same 
way,  the  next  subdivision,  effected  in  the  same  space  of  time, 
will  produce  sixty-four,  and  so  on. 

It  is  exactly  by  this  kind  of  operation  that  all  vegetable  struc- 
ture grows,  that  all  parts  of  plants  increase  in  size ;  namely,  by 
a  division  of  existing  cells  into  two,  four,  or  more  parts,  each  of 
which  may  swell  up  to  the  size  of  the  parent-cell  by  which  it 
is  produced.  And  since  all  vegetable  structure  is  of  this  cellu- 
lar nature,  and  no  plant  can  exist  except  by  origin  from  a  cell 
of  this  kind,  having  the  power  of  increasing  itself  in  this  way, 
of  course  the  ideas  that  are  sometimes  entertained  of  vegetables 
springing  up  spontaneously,  without  having  had  parents  like 
themselves,  are  altogether  erroneous,  for  nothing  but  a  living 
plant  can  produce  a  reproductive  cell  capable  of  originating  a 
new  course  of  growth  of  this  kind. 

If,  however,  we  wish  to  understand  thoroughly  the  mode  of 
increase  and  growth  of  plants,  we  must  go  even  deeper  into  the 
character  of  the  cells  and  inquire  how  they  divide  when  giving 
birth  to  new  ones.  This  can  be  observed  more  easily  in  plants 
composed  of  cells  larger  than  those  of  Protococcus,  but  still 
small  enough  and  transparent  enough  to  allow  ns  to  see  into  the 
interior  with  the  microscope.  In  sunny  weather,  the  surface  of 
ditches  and  stagnant  pools  is  usually  more  or  less  coated  with  a 
yellowish  green  froth  or  scum.  If  we  take  a  little  of  this  and 
place  it  in  a  glass  of  clear  water  we  see  that  it  is  composed  of  num- 
berless extremely  fine  green  filaments,  like  fibres  of  unspun  silk  ; 
if  we  place  these  filaments  under  the  microscope  we  find  that 
they  are  hollow,  and,  in  fact,  are  formed  of  little  tubular  cases 
or  cells  joined  end  to  end,  so  as  to  form  a  string  of  cells.  The 
cells  of  such  filaments  present  a  great  variety  of  beautiful  ar- 
rangements of  the  cells  and  their  contents,  in  the  different  species 
of  these  plants  (called  Confervoids),  which  are  very  numerous. 
Some  are  simple,  thread-like  rows  of  cells ;  others  are  branched. 
Some  are  filled  with  green  substance ;  others  have  the  green 
substance  arranged  in  spiral  lines  or  in  a  network  on  the  inside 
of  the  wall  of  the  cell.  Many  of  them  are  of  considerable  dia- 
meter, so  that  the  processes  taking  place  in  the  inside  of  the 
cells  are  very  easily  observed  under  the  microscope,  and  thence 
enable  us  to  ascertain  exactly  how  the  cells  of  plants  increase  in 
number  by  dividing. 

A  common  group  of  Confervas,  called  SpirogyrcB,  have  the 
green  colouring  matter  in  the  form  of  one  or  more  spiral  lines  or 
bands  lying  upon  the  inside  of  the  wall  of  the  cell.  When  we 
place  one  of  these  filaments  under  the  microscope,  we  see  the 
cells  (which  are  of  the  shape  of  the  stones  in  a  column)  adjoining 
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end  to  end  and  finnlj  fixed  together.  The  wall  of  the  cell  is 
coated  inside  by  a  thickish  fluid  in  which  fine  ^anules  float, 
which  fluid  lies  like  a  sheet  of  jelly  on  the  wall.  It  may  be 
made  to  contract  and  solidify  by  applying  spirits  of  wine,  drawing 
itself  up  into  a  more  or  less  regular  mass  in  the  centre  of  the 
cell,  and  at  the  same  time  bringing  away  the  green  band  from  the 
wall.  Chemical  tests  show  that  this  internal  thickish  fluid  is  of 
different  composition  from  the  membrane  forming  the  wall  of 
the  cell,  being  of  a  nature  more  allied  to  animal  substance ;  and 
it  appears  to  be  enclosed  by  a  soft  and  gelatinous  layer,  which, 
during  the  life  of  the  cell,  forms  a  lining  to  the  outer  cell* 
membrane,  but  if  contracted,  as  when  spirit  of  wine  is  applied, 
shrinks  up,  and  necessarily  crowds  together  all  the  rest  of  the 
contents  of  the  cell  within  it.  The  thick  fluid  is  called  the 
^^  protoplasm^^  meaning  the  original  substance  out  of  which  the 
organs  are  madcj  since  all  the  solid  parts  are  formed  out  of  this. 
The  gelatinous  layer  which  bounds  it  is  called  the  primordial 
utricle  of  the  cell,  because  it  is  the  first  structure  that  exists, 
but  the  term  formative  lager  will  be  simpler  and  better  for  us. 

Having  made  acquaintance  with  these  structures  inside  the 
cell,  which  exist  in  all  young  cells,  and  remain  as  long  as  they 
retain  the  power  of  increase,  we  can  now  understand  how  cells 
divide.  The  filaments  of  most  Confervoids  grow  by  simply  in- 
creasing in  length,  which  is  effected  by  the  cells  dividing  cross- 
ways  in  the  middle,  each  half  growing  to  the  length  of  the 
parent.  In  the  Spiroggrce  and  other  kinds  the  mode  of  the  divi- 
sions has  been  accurately  traced. 
The  lining  of  the  cell-mem- 
hrane,  the  formative  lager  with 
the  protoplasm  inside,  becomes 
gradually  parted  into  two  por- 
tions, just  as  if  a  string  had 
been  twined  round  it  and  was 
gradually  pulled  tight,  as  when 
a  rocket -case  is  "  choked." 
This  produces  a  fold  in  the 
place  where  the  division  takes 
place  ;  iheformative  lager  when 
half  divided  may  be  compared 
to  an  hour-glass,  and  when 
quite  divided  it  forms  two  bags 
instead   of   one,   the  new  ends 

of  the  two  bags  being  in  contact,    j^  ^  cell  of  Spirogym  dividing  into  two  by  the 

While  this  is  taking  place,  the      ^°™?*"^^«^  *  Ff^}^'"i'  ^'  *^^  ^?^  ^^'^ 

*^  r  r     1         /.  ^****  tincture  of  iodine  to  coagulate  the  ' 

whole  outer  SUrtace  Ol   the  for-    l  toplasm."    Magnified  260  diameters. 

motive  lager   produces  a  sheet 


"  pro- 
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of  firm  substance  of  the  same  nature  as  the  outer  cell«membrane, 
and  thus  the  two  new  bags  which  it  forms  become  encased  in 
proper  firm  coats,  which  render  the  walls  of  the  old  part  of 
the  cells  thicker,  and  form  a  double  partition  at  the  part  where 
the  division  took  place. 

We  now  see  how  the  cell  of  the  Protococcas  divides  into  four, 
and  how  the  multiplication  of  cells  generally  is  effected.  The 
cell  of  Protococcus  is  filled  with  protoplasm  (containing  green 
colouring  matter).  When  the  cell  is  about  to  divide,  this  proto- 
plasm breaks  up  into  two  or  four  portions,  each  of  which  coats 
itself  with  a  new  membrane,  and  thus  becomes  a  cell.  As  these 
grow,  they  are,  of  course,  at  first  confined  by  the  membrane  of 
the  original  cell :  this  either  stretches,  dissolves  away,  or  cracks 
and  peels  off,  in  different  plants.  In  Protococcus  it  dissolves ;  in 
a  little  plant  of  similar  nature,  called  SchizochlamySy  it  cracks 
and  falls  off.  In  ordinary  vegetable  substances  it  expands,  being 
stretched  by  the  swelling  of  the  new  cells  within,  until  it  becomes 
so  thin  as  to  be  invisible.  Thus,  in  the  Spirogyra  before  men- 
tioned we  may  trace  the  successive  encasings  of  the  cells,  the 
oldest  membrane,  stretched  by  the  growth  of  the  new  cells  within, 
becoming  gradually  so  thin  that  it  cannot  be  distinguished.* 

We  have  said  that  all  growth  of  plants  takes  place  by  means 
of  the  division  of  cells  in  this  way.  In  ordinary  cases  the  new 
cells  are  consequently  at  first  of  tlie  shape  of  a  segment  of  the 
old  one ;  but  in  certain  structures  this  is  somewhat  modified,  or 
at  all  events  the  old  cell,  when  dividing  into  two,  may  produce 
two  dissimilar  cells.  This  takes  place  in  the  formation  of  free 
cellular  structures,  such  as  the  branches  of  cellular  plants,  the 
formation  of  hairs,  &c.,  and  in  the  increase  of  number  of  a  few 
plants.  Thus,  in  the  branching  of  some  Confervoids,  and  of  the 
filamentous  structure  growing  from  the  ^  spores'  of  Mosses,  the 
parent  cell  grows  out  at  the  side,  and  then  this  lateral  process  is 
shut  off  as  a  new  cell.  In  the  growth  of  the  yeast-plant  the  new 
cells  bud  out  from  the  sides  of  the  old  ones,  and  are  at  length  shut 
off  and  detached.     (Fig.  9.) 

Moreover,  cells  are  in  certain  cases  developed  in  a  manner 
slightly  different  from  that  above  described,  namely,  in  the  forma- 
tion of  the  cells  which  are  to  produce  new  separate  plants ;  but 
it  is  only  by  a  modification  of  the  foregoing  process.  In  that  the 
whole  contents  of  the  cell  became  parted  into  two  or  four 
portions   to   constitute  the  contents   of  two  or  four  new  cells. 

♦  This  encasing  of  the  cells  is  beautifully  illustrated  by  what  occurs  when  we 
allow  dead  filaments  of  Spirogym  to  remain  in  water.  As  the  firm  coat  decajrs 
from  without  inwards,  the  laminse  are  successively  dissolved,  and  the  filament 
breaks  into  strings  of  eight,  then  of  four  cells ;  these  fall  into  pairs,  and  finally 
the  youngest  generation  remains  alone  in  the  state  of  single  cells. 


Importance  qf  Nitrogenous  Manures. 
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In  the  formation  of  the  cell  which  is  to  be  developed  into  the 
rudimentary  plant    (called   the   embryo)^   in    the   seeds   of  all 


Fig.  8. 


nt  of  the  confervold  substance  developed  from  " 
le  spores  of  a  Moss,  showing  the  mode  of  origin  of 
ft  leaf-bud,  from  a  branch-cell  of  the  filament,  mag- 
nified 200  diameters,  a,  h,  c,  fragments  of  the  fila- 
ments, showing  successive  stages  of  growth ;  in  c, 
the  leaf-bud  is  formed. 


flowering  plants,  only  part 
of  the  contents  of  the  parent* 
cell  are  used  for  the  new 
cell ;  a  small  quantity  of  the 
protoplasm  is  gathered  up 
into  a  little  ball  at  one  end  of 
the  large  parent-cell,  and,  ac- 
quiring a  membrane,  lies  as 
a  little  loose  bag  there  for 
some  tim^,  and  then  begins 
an  independent  course  of 
growth :  so  that  the  new  ^^.  >. 
rudimentary  plant  is  not  fixed  ^^^ 
in  any  way  but  only  enclosed 
in  the  seed. 

We  have  dwelt  at  length 
upon  these  points,   because 
they  are  of  the  highest  im- 
portance   in    vegetable    physiology.       The    knowledge   of  the 
dependence  of  the  process  of  growth  upon  the  gelatinous  lining 
of  the  cell  (the  formative  layer  or  primordial  utricle^  and   the 
protoplasm)   explains    at    once  the   influence    of   manures    con- 
taining animal  matter,  or  other  nitrogenous  substances.     These 
contents  of  the  cell  are  the  really  active  living  structure,  which 
resides  in  the  outer  membranous  case  like  a  mollusk  in  its  shell, 
and  they  are  composed  of  substances  closely  analogous  to  animal 
matter;   in  fact,  are  the   parts  composed  of  albumen,   fi brine, 
caseine,  gluten,  &c.    The  activity  of  the  growth  of  a  plant  depends 
mainly  upon  the   free  supply  of  nitrogenous  substance  for  the 
increase  of  this  protoplasm.     Plants  can  indeed  appropriate  nitro- 
gen from  the  ammonia,  and  perhaps  directly  from  the  air  of  the 
atmosphere  in  their  natural  state;    but  the  effect  of  increased 
supply  of  nitrogenous  food  is  most  strongly  marked  in  all  plants 
brought  under  cultivation.     The  influence  of  nitrogenous  manures 
can  scarcely  be  questioned  by  any  who  is  accustomed  to  observe 
their  effects  upon  the  esculent  vegetables  cultivated  for  the  markets 
of  London  and  other  large  cities.     By  the  help  of  organic  manure 
and  contrivances  to  increase  the  heat  or  prevent  the  cooling  of 
the  soil,  vegetables  are  made  to  grow  even  to  some  extent  inde- 
pendently of  liyhtj  which  we  know  to  be  of  prime  importance  to 
vegetation  in  a  state  of  nature.     That  plants  can  grow  inde- 
pendently of  light  the  botanist  already  knows,  from  the  pheno- 
mena so  familiar  to  him  in  the  vegetables  of  the  class  of  Fungi  ; 
and  it  is  most  important  to  bear  in  mind,  when  considering  this 
VOL.  xvn.  G 
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department  of  physiology,  that  those  plants,  the  Fungi,  growing 
naturally  under  conditions  as  to  heat  and  light  analogous  to  those 
by  which  we  produce  the  unnaturally  luxuriant  and  succulent 
growths  in  such  vegetables  as  seakale,  celery,  &c.,  are  charac- 
terized perhaps  most  strongly  by  the  fact  that  they  are  nourished 
exclusively  upon  dead  or  living  organic  matters.  Let  us  examine 
the  facts  that  have  been  satisfactorily  ascertained  with  regard  to 
the  composition,  growth,  and  general  vital  phenomena  of  one  of 
the  Fungi. 

The  Yeast  fungus,  forming,  as  collected  in  masses,  the  substance 
known  as  yeast,  consists  of  a  microscopic  sac  or  cell,  such  as  we 
have  already  described.  The  individual  plant  is  ^  globular 
vesicle,  the  membrane  of  which  is  composed  (Mulder)  of  a  "  sub- 
stance nearly  approaching  to  cellulose  in 
^>g-  ^-  its  properties  and  composition ;"  in  fact, 

^  differs  in  no  important  respect  from  the 

substance  forming  the  cell-membranes 
and  hard  parts  of  plants  in  general.  This 
membranous  sac,  however,  contains  a 
substance  of  different  composition  **  re- 
lated to  proteine"  (Mulder).  By  the 
microscope  we  ascertain  that  this  internal 
substance  represents  the  protoplasm  men- 

Group  of  alto  constltatinf?  the       tioned    aS   filliuff    the  cell-cavity    in   Pro- 
vegetating  form  of  the 'Yeast-  II-  1  •!  •  1  1 

plant.'  magnified  800  diameters,  tococcus,  and  that  it  cxhibits  a  dense  layer 

?f  S^^SifT^^^iR^^e'wCT  where  in  contact  with  the  cell-membrane, 

S?ffi.w^^c±^^  ^^actly  corresponding  to  the  "  formative 

ooDtncta  the  protoplasm,  leav-  layer"  above  described.  In  short,  the  yeast- 

taig  the  outer  wall  ftee.  -  •'  .       .        ,         -n     ^  ii        -^i 

fungus  IS  simply  a  Frotococcus-cell,  with- 
out the  green  colouring  matter.  The  yeast-fungus  grows  by  new 
vesicles  budding  out  from  the  surface,  into  which  a  portion  of  the 
proteinous  or  nitrogenous  contents  is  simultaneously  transferred, 
and  then  the  communication  is  cut  off  by  secretive  formation 
of  cellular  membrane  by  the  "  formative  layer."  Such  budding 
takes  place  very  rapidly  and  at  various  points  of  the  surface  when 
the  yeast-plant  is  well  supplied  with  appropriate  food,  and  what 
is  called  fermentation  in  beer,  &c.,  depends  entirely  upon  such 
multiplication  of  the  cells  of  yeast,  the  alterations  in  the  fer- 
menting liquid  resulting  from  the  chemical  changes  connected 
with  the  "  digestion  "  or  "  respiration  "  of  the  plants.  Now  we 
know  from  microscopic  observation  that  the  formative  layer  is 
the  prime  agent  in  the  processes  of  development  and  growth  of 
cells  as  above  explained  in  Protococcus  and  the  filamentous  Con- 
ferrse,  and  it  is  the  same  here.  We  know  on  the  authority  of 
Mulder  and  other  chemists,  that  fermentation  will  not  go  on 
unless  a  certain  supply  of  nitrogenous  food  is  aflFbrded  to  the 
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yeastrplanty  and  that  the  cessation  of  fermentation  in  the  ordinary 
coarse  of  natural  operations  is  the  result  of  the  consumption  of 
the  available  nitrogenous  ingredients  of  the  fermenting  liquids. 
If  we  remove  a  small  portion  of  yeast  from  a  fermenting  wort,  wash 
it  and  place  it  in  a  solution  of  pure  su^r^  it  will  grow  but  for  a 
little  time,  until  its  own  nitrogenous  matter  is  consumed  in  the 
** waste"  which  takes  place  in  cell-division.  The  new  cells 
dwindle  in  size  and  their  growth  is  soon  arrested.  By  supplying 
nitrogen,  on  the  other  hand,  the  growth  may  be  kept  up  untU  all 
the  sugar  disappears. 

During  the  growth  of  the  yeast-fungus,  it  is  this  nitrogenous 
formative  substance  in  the  interior  which  carries  on  the  processes 
of  nutrition  and  growth ;  as  it  elaborates  the  food  imbibed  in  a 
liquid  form  through  the  cell-membranes,  it  increases  in  bulk  and 
pushes  out  the  wall  into  buds,  supplies  them  with  their  propor- 
tion of  *'  protoplasm,"  and  throws  them  off.  It  is  found,  more- 
over, that  the  protoplasm  gradually  passes  entirely  into  the 
progeny  of  bud-cells,  and  the  old  parent  cells  are  left  as  empty 
collapsed  sacs. 

There  is  no  reason  to  question  the  propriety  of  extending  our 
cmiclusions  from  the  yeast-fungus  to  all  other  plants  of  that  class 
which  live  in  essentially  analogous  conditions.  And  the  con- 
struction and  character  of  the  substance  of  Fungi,  thus  fed  upon 
organic  matter,  is  quite  in  harmony  with  the  gross,  watery,  and 
perishable  substance  which  is  produced  by  the  growth  of  the 
higher  plants  when  over-fed  with  nitrogenous  manures,  and  at 
the  same  time  limited  in  their  supply  of  light  and  air.  We  may 
farther  extend  the  same  set  of  conclusions  to  the  early  growth 
of  shoots  from  germinating  seeds  and  tubers  (like  the  potato), 
where  the  protoplasmic  substances  at  the  growing  points,  when 
stimulated  by  heat  and  moisture,  commence  and  carry  on  the 
cell-development  without  the  aid  of  light,  and  produce  from  the 
store  of  organic  food  laid  up  in  the  old  tissue,  soft  succulent 
growths,  and  continue  to  develop  in  the  same  way  if  supplied 
with  nitrogenous  food  and  abstracted  from  the  influence  of  light. 

The  remarks  contained  in  the  foregoing  paragraphs  afford  an 
explanation  of  the  undoubted  fact  that  plants  cannot  grow  without 
a  supply  of  nitrogen  in  some  form  or  other,  and  that  increased 
supplies  of  nitrogenous  matter  act  upon  vegetation  as  a  stimulus  ; 
for  we  have  seen  that  the  vital  part  of  the  structure  is  not  the  more 
solid  and  permanent  cellular  substance  of  the  ternary  compounds 
destitute  of  nitrogen,  but  the  formative  substance  contained  in  the 
cellular  chambers,  the  protoplasm. 

In  these  inquiries,  however,  we  have  left  out  of  view  the  in- 
fluence of  the  most  important  of  the  external  agents  concerned 
in  the  development  of  plants,  namelyi  light*     We  have  noticed 
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that  the  growth  occurring  in  the  absence  of  light  produces  weak^ 
watery  textures,  while  the  supply  of  light,  ccBteris  paribus,  i* 
marked  by  a  corresponding  solidity  and  vigour  of  the  develop- 
ment. We  might  figuratively  say  that  plants  supplied  witb 
water  and  nitrogenous  food,  and  withheld  from  light,  are  like 
animals  fed  on  substances  deficient  in  nitrogen,  which,  as  is- 
often  seen  in  badly-fed  children,  results  in  unhealthy  fat  and 
want  of  vigour — since  in  animals  the  ternary  compounds  are 
applied  more  especially  to  purposes  of  respiration  or  formation  of 
fat,  while  the  nitrogenous  compounds  are  required  to  form  muscle 
and  solid  structure.  In  plants  the  water  and  nitrogenous  food  seem 
to  favour  expansion  and  development  of  new  structure,  while  car- 
bon, which  apparently  can  only  be  assimilated  by  the  help  of 
the  sun's  rays,  is  the  great  element  of  the  solid  substance. 

Nevertheless,  the  nitrogenous  part  of  the  plant,  the  formative 
protoplasm  contained  in  the  cells,  still  maintains  its  place  as  the 
living  substance,  when  we  endeavour  to  follow  out  the  changes, 
anatomical  and  chemical,  taking  place  under  the  action  of  light. 
If  we  examine  into  the  cause  of  the  green  colour  assumed  by  the 
leaves  and  stalks  of  plants  when  exposed  to  light,  we  find  it  to 
reside  in  granular  structures  or  substances  belonging  to  the  proto- 
plasmic cell-contents,  which  assume  a  green  hue  in  consequence 
of  a  chemical  change  effected  through  the  agency  of  light.  The 
nature  of  this  change  is  still  unknown,  but  that  the  chlorophyll 
consists  of  the  protoplasmic  matter  coloured  green,  is  certain^ 
Under  a  prolonged  action  of  the  chemical  influence  of  light  the 
protoplasm  goes  on  to  secrete  starch-grains,  the  more  solid  form 
of  assimilated  matter  of  ternary  composition,  and  the  produc- 
tion of  the  lignine  (woody)  condition  of  cellulose,  the  substance 
which  forms  the  hard  cell-walls,  giving  to  the  originally  succulent 
tissues  the  firm  character  of  wood,  is  a  result  of  the  modification 
of  the  secreting  action  of  the  protoplasm  dependent  on  the  in- 
fluence of  light.  The  chemical  actions  which  must  occur  in 
these  changes  are  at  present  very  imperfectly  understood.  It  is 
only  within  a.  few  years  that  the  internal  condition  of  the  struo 
tures  of  plants  has  been  thoroughly  studied,  and  hitherto  the 
chemical  inquiries  have  been  made,  as  we  may  say,  "  in  the 
rough."  The  observations  of  Mulder  on  the  yeast-plant  are 
almost  the  only  examples  of  a  thorough  examination  of  the  details 
in  such  inquiries ;  in  them  the  cell-membranes  and  the  contents 
were  subjected  repeatedly  to  analysis,  the  comparative  accuracy 
of  the  separation  being  ascertained  by  the  help  of  the  microscope, 
and  the  plants  were  examined  microscopically  in  different  stages 
of  growth,  while  the  chemical  change  in  the  medium  and  in  their 
composition  were  ascertained  by  chemical  analysis.  But  to 
apply  similar  researches  to  the  higher  plants,  tliose  growing  in 
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the  sun's  light,  and  producing  chlorophyll  and  starch,  would  be 
far  more  difficult,  and  it  has  not  jet  been  seriously  attempted. 
Probably  the  investigation  would  be  most  satisfactorily  pursued 
in  some  of  the  simpler  water-plants,  such  as  the  Confervoids  above 
referred  to,  and  this  in  particular  because  the  microscopist  has 
already  ascertained  the  anatomical  conditions  in  the  successive 
stages  of  growth. 

We  know  that  green  plants  consume  carbonic  acid  and  evolve 
oxygen  in  daylight,  but  when  we  enter  into  the  details  of  the 
chemical  processes  occurring  here  we  find  ourselves  in  complete 
obscurity,  so  great  indeed,  that  it  is  not  agreed  among  physiologists 
as  to  the  use  of  the  terms  respiration  and  digestion^  the  process 
or  processes  which  it  is  the  chief  office  of  green  parts  to  perform. 
It  is  not  our  intention  to  enter  now  into  a  discussion  of  any  of 
the  other  vital  processes  of  plants,  beyond  the  simple  vegetative 
reproduction^  dependent  upon  cell-development,  above  described. 
But  as  we  have  directed  especial  attention  to  the  importance  of 
the  nitrogenous  constituents  of  the  tissues,  we  may  mention  one 
other  point  connected  with  this  and  with  the  processes  of  nutri- 
tion. The  recent  researches  of  M.  Ville,  and,  a  priori  considera- 
tions, such  as  the  reflection  that  animals  are  in  the  last  resort  all 
dependent  on  plants  for  food,  render  it  extremely  probable  that 
vegetables  assimilate  nitrogen  directly  from  the  air.  If  so,  it 
will  probably  be  by  the  green  parts,  and  hence  the  chemical 
changes  occurring  in  the  protoplasm  of  the  cells  of  leaves  will  be 
even  more  complicated  than  has  been  hitherto  suspected. 

A  knowledge  of  the  ascertained  facts  of  vegetable  physiology 
leads  to  a  recognition  of  our  excessive  ignorance,  scientifically 
speaking,  concerning  the  most  important  of  the  vital  phenomena. 
Here,  however,  if  anywhere,  the  motto  "  Science  with  Practice," 
should  be  adopted,  for  a  large  portion  of  the  data  of  the  science 
have  still  to  be  established  by  experiment :  while  the  many  crude 
notions  that  exist  in  the  popular  mind  respecting  the  more 
obscure  processes  of  vegetable  life,  render  a  kind  of  clearance  of 
the  ground  necessary  before  the  vast  mass  of  "  observing  power" 
existing  in  our  agricultural  community  can  be  turned  to  thorough 
account.  It  is  our  hope  to  present  to  the  readers  of  the  Society's 
Journal  at  a  future  period  an  account  of  anatomical  and  physiolo- 
logical  researches  on  some  of  our  most  important  cultivated 
plants,  with  a  view  of  exhibiting  the  connexion  of  vegetable 
physiology  with  the  practice  of  agriculture. 
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IV. — A  Report  upon  the  Agriculture  of  the  County  of  Durham.* 
Bj  Thomas  George  Bell,  LL.D. 

Prize  Eeport. 

In  a  general  view  of  the  agriculture  of  the  county  of  Durham 
there  are  so  many  points  present  themselves  for  consideration,  att 
more  or  less  closely  connected  with  the  subject,  that  it  is  diffi- 
cult to  condense  the  information,  so  as  to  express  all  that  is' 
necessary  or  useful  within  the  limits  set  for  this  Report.  This, 
however,  I  shall  attempt  to  accomplish,  and  will  only  premise' 
further,  that  nothing  shall  be  herein  stated  which  has  not  been 
matter  of  personal  experience,  actual  observation,  or  information 
acquired  from  time  to  time  during  a  long  and  extensive  practice 
as  a  land  agent. 

General  Characteristics  of  the  County, — ^These  are  altogether 
of  a  varied  nature,*  whether  we  look  at  the  surface,  the  strata, 
the  climate,  or  the  inhabitants.  In  the  surface  there  are  great 
inequalities.  There  are  no  great  mountains,  as  in  some  dis- 
tricts, nor  large  level  plains  as  in  others ;  but  in  every  direction 
we  have  hills  of  gentle  acclivity,  intersected  by  broad  valleys ; 
the  average  inclination  of  the  whole  being  an  ascent  from  the 
sea,  which  borders  the  county  on  the  east,  up  towards  that  range 
of  internal  mountains  which  runs  along  part  of  the  borders  of 
Scotland,  and  through  England  as  far  as  Derbyshire.  This 
county  does  not,  however,  rise  up  to  the  full  height  of  this  range 
of  mountains,  but  stops  short  at  a  spot  called  Kilhope  Law,  in 
the  midst  of  as  desolate  and  bleak  a  moorland  scene  as  we  could 
possibly  look  upon. 

In  respect  to  the  strata,  we  have  not,  as  elsewhere,  great  bodies 
of  the  primitive  rocks  lying  with  something  of  their  original  re- 
gularity, but  throughout  nearly  the  whole  county  we  have  the 
disjointed  and  upheaved  masses  of  the  coal  formation. 

In  the  south-east  comer  of  the  county  there  is  a  tract  of  the 
new  red  sandstone ;  adjoining  to  it  on  the  north  and  north-west 
there  is  a  range  of  the  magnesian  limestone.  It  enters  the 
county  from  the  south  at  Winston,  and  runs  diagonally  across  it 
by  Selaby,  Morton,  Eldon,  Merrington,  &c.,  to  the  sea-coast  at 
Hartlepool,  from  whence  it  proceeds  along  the  coast  to  South 
Shields.  All  the  county  south  and  south-east  of  this  limestone  is 
on  the  new  red  sandstone,  and  the  whole  of  the  central  portion 
of  the  county  lying  to  the  north  of  it  is  on  the  coal-measures. 

Throughout  the  whole  of  the  western  or  moorland  portion  of 

*  It  may  be  only  right  to  state  that  this  Essay  was  written  and  received  the 
prize  in  1854,  and  that  some  portions  of  it  have  been  omitted. 
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the  county,  mountain  limestone  prevails,  and  in  the  same  district 
are  those  numerous  veins  of  Ic^ad  which  have  produced  so  much 
wealth  to  their  proprietors,  and  furnish  still  the  subsistence  of 
nearly  the  whole  of  the  inhabitants  of  the  district 

The  climate  of  the  county  is  very  uncertain  and  variable.  In 
the  sheltered  valleys  it  is  often  some  degrees  warmer  than  in  the 
more  elevated  regions,  and  the  mean  temperature  appears  to  be 
reduced  in  proportion  as  we  leave  the  sea-coast.  Amongst  the 
moors  of  the  Teesdale  and  Weardale  districts  the  winters  are  gene- 
rally very  severe  and  of  long  continuance.  The  mean  tempera- 
ture of  the  county,  during  the  several  months,  is  as  follows  : — 


January 

..     33-20 

July      ..      . 

.     58-30 

February 

..     40-5 

August . . 

.     64-0 

March   .. 

..     40-6 

September    . 

.     53-2 

April     . . 

..     43-6 

October..      . 

.     47-6 

May      .. 

..     55-5 

November     . 

.     40-9 

June     .. 

..     55-2 

December     . 

.     40-1 

Whole  year    ..      ..     46*9 

It  will  be  observed  that  the  greatest  heat  is  in  the  month  of 
July.  That  temperature  frequently  does  not  last  long,  and  is 
often  reduced  by  wet  weather  or  prevailing  east  winds ;  and 
hence  the  more  than  ordinary  risk  which  the  farmer  has  often  to 
run  in  this  county  with  his  corn  crops.  These  crops  are  thig 
natives  of  a  warmer  climate,  and  they  take  all  the  heat  which 
our  changeable  one  will  afford  them  to  ripen  and  bring  them  to 
perfection ;  and  when  the  mean  temperature  of  July  is  brought 
down  by  one  or  two  degrees,  the  effects  are  at  once  seen  both  in 
the  qmmtity  and  quality  of  the  crops. 

The  elevation  of  the  county  at  the  highest  part  of  its  western 
boundary  has  been  estimated  at  about  3Q00  feet  above  the  level 
of  the  sea.  As  I  have  already  observed,  there  are  no  hills  within 
the  county  of  very  great  height :  the  highest  is  Collier  Law, 
li580  feet,  and  the  next  Pontop  Pike,  about  1000. 

The  population  of  this  county  was — 

In  1801 149,384 

1831 258,700       , 

1841 324,284 

1851 390,997 

I  have  not  been  able  to  ascertain  the  extent  of  the  agricul- 
tural separate  from  the  colliery,  manufacturing,  and  trading 
population. 

In  the  two  divisions  of  the  county  there  are  2064  voters  on 
the  Register  of  Electors,  who  are  qualified  by  the  occupation  of 
land  of  the  value  of  50Z.  and  upwards  per  annum  ;  but  this  gives 
us   a   very  inadequate  idea  of  the  number  of   farmers   in  the 
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county,  because  there  are  a  great  number  of  tenancies  of  a  less 
amount  than  50/.,  and  there  are  also  a  large  number  of  indivi- 
duals farming  their  own  lands,  whose  names  are  placed  on  the 
registry  as  owners  and  not  as  occupiers.  I  cannot  pretend  to 
give  more  than  an  approximate  estimate  of  the  area  of  the 
county,  where  the  different  statements  on  the  subject  have  been 
so  contradictory. 

Acres. 
By  Mr.  Bailey,  in  his  Report  on  the  Agriculture  of  the  County, 

it  is  said  to  contain       582,400 

By  Mr.  Surtees,  in  his  History  of  Durham        610,000 

By  the  last  population  returns 622,476 

From  calculations  I  have  made  npon  the  best  published  map 
of  the  county,  I  am  of  opinion  that  Mr.  Bailey's  estimate  may 
be  taken  as  a  correct  one,  if  meant  to  express  the  area  of  the 
agricultural  parts  of  the  county,  leaving  out  the  acreage  of 
the  large  towns,  which  are  evidently  included  in  both  the  other 
estimates. 

The  rental  of  this  county  in  1815  was     £  791,359 

1840 905,644 

„  1853 1,148,096 

Showing  an  increase  between  1815  and  1840  of     ..       114,285 
And  between  1840  and  1853  of        242,452 

Total  increase £356,737 

I  am  not,  however,  in  possession  of  any  correct  data  from 
which  to  apportion  this  increased  rental,  between  the  improved 
value  of  the  lands  and  an  increased  amount  of  houses  and 
buildings  applied  to  other  than  agricultural  purposes. 

In  the  basis  for  the  county-rate,  which  is  the  rental  of  the 
several  townships  throughout  the  county,  it  is  very  difficult  to 
estimate  the  portion  of  the  rental  derived  from  the  land,  distinct 
from  that  derived  from  collieries,  manufactories,  buildings,  tithes, 
&c. ;  but  I  have  gone  through  each  township  with  what  local 
knowledge  I  possessed  or  information  I  could  obtain^  and  have 
estimated  the  rental  of  the  land  at  459,000/.;  hence,  taking 
582,400  acres  as  the  contents  of  the  county,  we  obtain  15*.  9rf. 
as  the  average  rent  per  acre  over  the  whole  county. 

But  as  this  is  rather  an  interesting  subject  of  investigation,  I 
have  endeavoured  to  arrive  at  a  similar  or  more  detailed  result 
by  another  mode  ;  and  though  I  must  confess  to  having  very 
imperfect  data  upon  which  to  found  my  calculations,  yet,  after 
bestowing  much  pains  on  the  comparing  of  valuations,  and  the 
forming  of  averages  in  several  districts,  i&c,  I  would  venture 
to  present  the  following  as  a  somewhat  near  approximation  to 
the  truth : — 
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Acm.  £. 
92,800  of  moorland,  let  on  an  average  of  4«.  per  acre       ..      . .     18,560 
71,500  occupied  by  woods,  wastes,  roads,  rivers,  &c.    Much  of 
this  is  included  in  the  acreage  of  the  farms  ;  there- 
fore, say  on  an  avenge  6«.  per  acre 21,450 

106,960  of  old  grass-land  in  the  lowland  districts,  let  on  an 

average  of  15« 80,220 

311,140  of  tillage  lands,  let  on  an  average  of  19s 296,583 

682,400  acres.  Rental     £415,813 

Soils  and  their  Rent  Value. — The  great  variety  of  soils  to  be 
foand  in  this  county  may  be  accounted  for  upon  a  little  ac- 
ijuaintance  with  the  varied  character  of  its  stratification  and  the 
iiT^^larity  of  its  surface.  Hence,  I  have  seen  large  tracts  of 
land  in  this  county  where  there  was  very  little  depth  of  soil 
covering  the  shale  and  hard  shivery  sandstone,  which  so  often 
accompanies  the  coal,  and  here  there  was  little  to  encourage  the 
agriculturist.  No  com  crops  would  grow,  and  the  herbage, 
which  barely  covered  the  ^ound,  was  scarcely  worth  the  pastur- 
ing. We  find  it  quite  different  on  the  elevated  portions  of  some 
of  the  limestone ;  there  we  have  a  soil,  not  deep,  but  light  and 
dry,  and  capable  of  producing  a  good  cover  of  grass.  The 
irregularity  of  the  surface  of  the  county  has  still  more  largely 
promoted  a  variety  of  soils,  for  it  has  promoted  an  endless  variety 
both  in  the  depth  and  quality  of  that  alluvial  deposit  by  which 
the  subjacent  strata  are  covered.  Accordingly,  we  find  that  in 
all  the  valleys  and  hollows  throughout  the  county  the  soil  is 
deeper  and  more  productive  than  on  the  more  elevated  portions ; 
thongh  even  there  its  quality  is  very  different,  according  as 
the  situation  has  tended  to  promote  the  deposit  of  silt  and 
vegetable  matter  brought  down  by  the  action  of  water  during 
the  coarse  of  years.  By  the  side  of  the  three  principal  rivers 
— the  Tyne,  the  Wear,  and  the  Tees — there  is  a  good  ex- 
tent of  flat  or  "  haugh  "  land  of  a  good  loamy  character.  From 
the  mouth  of  the  Tyne,  by  Jarrow,  Hebbum,  and  Heworth,  to 
Gateshead,  and  from  thence  3p  the  Ravensworth  Vale,  we  have 
strong  soil  on  a  stiff  clay  subsoil.  I  dug  a  tank  in  this  district 
not  long  ago,  and  after  2  feet  of  vegetable  soil  we  went  through 
6  feet  of  stiff  blue  clay  which  cut  like  leather.  Notwithstanding 
this,  the  surface,  where  drained,  is  very  friable ;  it  is  generally  a 
good  wheat-soil,  and  by  proper  management  is,  in  many  parts, 
made  to  produce  excellent  crops  of  turnips.  A  farmer  in  the 
Hebbum  district  tells  me  that  the  average  produce  of  wheat  there 
will  be  20  bolls  an  acre,  but  that  with  proper  draining  and  good 
management  the  district  would  produce  more.  Along  the  sea- 
coast,  from  Whitburn  to  Hartlepool,  the  greater  part  of  the  soil 
is  lighter,  being  on  the  limestone,  with  a  gravelly  subsoil.  In 
parts  of  that  district  it  has  become  richer  by  good  management. 


90  Agricviture  of  Durham. . 

yet  the  most  of  it  is  poor.  On  this  range  we  have  Dalton-le-dltle, 
about  800  acres,  let  on  an  average  of  13^. ;  Hawthorn,  1500  acres, 
on  an  average  of  1 55. ;  and  lands  near  Easington,  about  6000  acres, 
let  on  an  average  of  19&  per  acre.  Continuing  by  the  coast,  after 
passing  Hartlepool,  we  get  on  to  the  red  sandstone,  the  easternmost 
portion  of  which  is  a  mellow  loam,  partly  on  gravelly  subsoil. 
Of  this  there  is  about  13,000  acres,  extending  from  Greathain 
and  Claxton  ro^nd  by  Newton  Bewley  and  Wolvistoa  to  Port 
Clarence,  worth  on  a  general  average  of  the  whole  205.  per  acre. 
Of  the  interior  portions  of  the  county,  lying  to  the  west  of  the 
districts  just  referred  to,  it  is  more  difficult  to  give  a  correct  idea, 
as  the  good  and  bad  land  is  still  more  irregularly  distributed. 
Proceeding  westwards  from  Hartlepool,  we  have  first  the  Elwick 
district,  where  a  large  proportion  of  the  land  lets  on  an  average 
of  19& ;  then  Morton,  averaging  about  2  Is. ;  next  (keeping  direct 
west)  we  have  Hollin  Carr  and  other  grounds,  a  great  deal  of 
which  is  not  worth  more  than  10s.  South-west  of  them  we  have 
the  Sedgefield  district,  let  on  an  average  of  25^.,  most  of  it  strong 
but  friable — good  potato  and  turnip  land,  and  very  capable  of 
being  raised  to  a  higher  average  by  judicious  draining.  That 
portion  of  the  Sedgefield  district  which  lies  round  Hardwick 
Park  has  been  much  improved  by  draining  and  good  manage- 
ment. The  whole  of  the  district  I  have  referred  to  as  lying  to 
the  west  of  Hartlepool  is  on  a  clay  subsoil  of  difierent  degrees  of 
tenacity,  the  strata  beneath  being  the  new  red  sandstone.  A  short 
distance  to  the  south-west  of  Sedgefield  is  a  tract  of  land,  called 
Morden  Carrs,  containing  about  3000  acres,  which  Mr.  Bailey 
refers  to  in  1809  as  being  then  of  little  value,  but  which  he  says, 
"  if  properly  drained,  would  in  a  few  years  be  worth  three  pounds 
an  acre."  Not  a  few  only  but  forty-Jive  years  have  passed  away 
since  that  opinion  was  expressed,  and  Morden  Carrs  still  remains 
in  its  undrained  and  almost  valueless  condition.  It  is  all  in  grass, 
and,  though  some  improvement  has  been  made  by  cutting  open 
stells,  it  is  still  very  often  covered  with  water,  though  it  might 
apparently  have  been  easily  drained  into  the  river  Skeme,  which 
runs  through  it:  the  soil  is  a  deep  peat.  In  the  construction  of 
the  York  and  Newcastle  Railway,  that  part  of  the  line  which 
runs  through  this  ground  sunk  and  the  rails  disappeared ;  and  they 
say  in  the  neighbourhood  that  rods  30  feet  in  length  were  put 
down  without  arriving  at  sound  ground.  To  the  south  of  Sedge- 
field and  Morden  there  is  a  district  of  a  deeper  loam,  but  not 
rich,  and  still  on  a  clay  subsoil.  This  includes  Bishop  ton.  Stain- 
ton,  Redmarshall,  Sadberge,  &c.  Continuing  to  the  south,  we 
come  to  another  tract  of  land,  comprising  the  westernmost  portion 
of  the  red  sandstone.  Here  the  soil  is  stiffer,  being  on  a  strong 
clay.     There  are  also  evident  signs  of  water  hanging  in  the  rock 
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beneath,  and  deep  draining  might  be  expected  to  make  great 
impToyement.  This  district  comprises  the  townships  of  Sock* 
bum,  Dinsdale,  Hurworth,  and  Neasham,  and  there  is  of  it  about 
6000  acres,  averaging  in  value  about  285.  The  clay  subsoil,  with 
little  exception,  surrounds  the  town  of  Darlington,  and  from  Hai^ 
worth  continues  towards  the  west  until  it  reaches  the  river  Skeme. 
This  river,  at  the  point  where  it  enters  into  the  river  Tees,  as 
well  as  for  some  distance  northwards,  seems  to  divide  the  strong 
clay  lands  of  Hurworth  and  Dinsdale  from  the  light  gravelly  soil 
prevailing  about .  Conisclifie,  Carl  bury,  Pierce  Bridge,  &c.  Of 
the  last  mentioned  there  may  be  about  4000  acres,  averaging  21s. 
an  acre.  The  soil  from  here  to  Barnard  Castle  for  a  limited 
breadth  from  the  river  Tees  is  a  richer  loam,  which  in  some 

{>laces  is  worth  30*.  an  acre  ;  but  the  soil  becomes  thinner  and  of 
ess  value  as  we  leave  the  river  and  ascend  the  rising  ground 
towards  the  north.  At  Archdeacon  Newton  and  around  that 
place  we  have  from  1200  to  1400  acres,  averaging  18*.  an  acre. 
Beyond  that  we  have  a  stripe  of  land  of  better  quality,  reaching 
from  Whessoe  by  Denton  to  Killerby,  perhaps  about  3000  acres, 
averaging  28*.  or  295.  To  the  north  and  north-east  of  Barnard 
Castle  we  have  the  Raby  estates,  belonging  to  the  Duke  of  Cleve- 
land, and  Streatlam,  belonging  to  John  Bowes,  Esq.  On  both 
estates  there  is  a  great  variety  of  soils  and  values.  Upon  the 
Duke's  estates  there  may  be  from  3000  to  4000  acres,  averaging 
2O5.  an  acre.  At  Cockfield,  which  lies  to  the  tiorth  of  Raby,  and 
from  thence  to  Woodland,  there  is  a  tract  of  poor  shallow  soil, 
lying  partly  on  the  shale  and  partly  on  the  millstone  grit  of  the 
coal  formation.  In  this  district  there  is  about  5000  acres,  worth 
on  an  average  no  more  than  95.  per  acre.  I  trace  the  same  poor 
unproductive  soil  across  the  whole  county,  from  the  district  just 
alluded  to  up  to  its  northern  boundary.  It  lies  along  the  whole 
eastern  boundary  of  the  limestone  of  the  mining  district,  and 
seems  to  form  the  more  elevated  portion  of  the  coal  formation, 
upon  which  there  has  been  the  smallest  share  of  alluvial  deposit 
or  vegetable  soil ;  indeed  in  many  places  the  shale  and  sandstone 
"  crop  out  to  the  day."  It  may  be  interesting  to  put  down  a  few 
of  the  townships  which  comprise  this  tract  of  barren  land,  with 
their  estimated  acreage  and  rental : — 

Townahipe.  Acreage.  Rental. 

Cockfield  and  Woodland  . .      . .  4,416  ....  £  2,203 

LangleyDale 4,685  ....  1,972 

Lynesack  and  Softloy      ..      ..  5,946  ....  2,793 

Hamsterley      4,003  ....  1,590 

South  Bedbum         6,765  ....  1,639 

Muggleswick 7,098  ..  ..  1,738 

Acres     ..      ..   32,913  £11,935 

Or  upon  an  average  7«.  Zd,  an  acre. 
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The  lead-mine  district,  which  includes  the  whole  of  the 
county  lying  to  the  west  of  the  tract  of  land  just  referred  to, 
contains  78,190  acres,  let  upon  an  average  of  35.  Sd,  per  acre. 
As  this  statement  may  perhaps  appear  incredible  to  some,  I  will 
mention  four  only  of  the  townships  in  that  district,  with  their 
acreage  and  rental : — 

Townships.  Acreage.                  Rental. 

Middleton  in  Teesdale  ..      ..  10,434  ....  £3,037 

Newbiggen     4,627  ....     1,190 

Forest  and  Frith 17,270  ....     1,366 

Hunstanworth        10,380  ....     1,029 

Acres      ..      ..     42,711  £6,622 

Or  an  average  of  3«.  Id,  per  acre. 

The  soil  of  the  greater  part  of  this  lead-mine  district  is  poor 
and  thin,  in  places  being  composed  of  vegetable  substances  im- 
perfectly decomposed.  It  presents  us  with  large  tracts  of  peat, 
in  which  we  find  every  here  and  there,  from  want  of  draining, 
wet  spongy  flats,  provincially  called  mosses  or  flows.  Here  all 
is  wild  and  uncultivated.  It  cannot  be  called  an  agricultural 
district.  The  lettings  are  very  small,  and  the  moors  not  half 
stocked.  The  chief  dependence  of  the  inhabitants  is  upon  the 
mines,  and  the  care  or  cultivation  of  the  land  is  with  them  a 
minor  consideration.  A  horse  to  bring  coals  for  the  family,  a 
cow  to  supply  milk,  or  a  few  sheep,  if  he  borders  on  the  com- 
mon, is  all  that  the  householder  desires.  The  mining  distiict  is 
known  by  the  two  general  names  of  Teesdale  and  Weardale, 
from  the  two  rivers  which  run  through  it.  The  westernmost  and 
highest  portion  of  Weardale  is  of  by  far  the  least  value  of  any  land 
in  the  county.  Kilhope  and  Welhope  are  the  two  westernmost 
branches  of  the  river  Wear,  and  the  lands  bordering  on  those  two 
streams  skirt  round  the  boundary  of  the  county.  They  form  an 
estate  held  by  lease  under  the  Bishop  of  Durham,  and  contain 
about  3800  acres.  This  estate  was  let  at  one  period  for  135/. 
per  annum,  and  was  valued  at  the  last  renewal  of  the  lease  at 
282/.  lOs. 

There  are  many  portions  in  the  interior  of  the  county  yet 
remaining  to  be  described,  but  I  shall  be  obliged  to  dismiss 
them  in  a  few  words.  So  far  I  have  been  describing  the  different 
districts  we  have  gone  through  rather  with  the  desire  of  illus- 
trating the  very  varied  character,  quality,  and  value  of  the  soils 
generally  throughout  the  county,  than  with  the  hope  of  having 
space  to  complete  a  description  of  the  whole  county  in  a  similar 
manner.  I  have  only,  then,  further  to  observe,  that  in  what  re- 
mains undescribed  the  soil  is  equally  irregular  in  its  value.  It 
will  have  been  observed,  I  think,  from  my  previous  description, 
that  the  great  bulk  of  the  soil  of  this  county  is  on  a  clay  subsoil, 
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and  that  the  thickness  of  soil  covering  the  clay  is  of  an  endless 
variety  of  thickness  and  quality,  ^f  gravelly  or  sandy  subsoil 
there  is  only  a  small  proportion,  and  it  is  scattered  in  various 
parts  with  much  irregularity.  I  cannot  form  any  correct  ideai 
of  the  respective  quantities  of  each  of  those  two  kinds  of  subsoil  ; 
in  fact,  the  distinction  between  them  is  not  so  completely  marked 
as  to  cause  farms  to  be  managed  (as  in  other  counties)  upon  an 
entirely  different  system,  according  as  each  may  be  situate  on  the 
one  or  the  other.  The  average  values  per  acre  in  various  dis- 
tricts over  the  whole  county  have  been  calculated  from  the  best 
information  it  was  possible  to  obtain — namely,  from  actual 
valuations  ;  of  which  not  less  than  2415  have  been  carefully  gone 
through. 

Common  Lands  divided, — We  shall  do  injustice  to  both  land- 
lord and  tenant,  if  we  form  an  opinion  of  the  present  state  of  the 
agriculture  of  any  county  or  district,  without  bearing  in  mind 
what  that  county  or  district  was  in  some  former  period,  so  as  to 
ascertain  the  progress  or  improvement  which  has  been  made.  I 
must  therefore  refer  to  the  fact  that,  within  a  comparatively 
recent  period,  a  large  portion  of  this  coun|;y  was  unenclosed  and 
uncultivated,  and  lay  either  in  wide  tracts  of  desolate  moor,  or  in 
more  sheltered,  though  equally  neglected,  "stinted  pastures.'* 
Mr.  Bailey,  in  his  Report  on  this  county,  gives  a  list  of  commons 
divided  between  the  years  1756  and  1809,  amounting  to 
114,071  acres.  Since  the  last-named  period  the  following  addi- 
tional commons  have  been  divided  and  enclosed : — 

A.  R.    p. 

Gilligate  Moor  and  Town  Fields 300  0    0 

Beamish  South  Moor 478  0    0 

Blackburn  Fell       2,600  0    0 

Egglestone  Moor 5,987  1    3 

Gateshead  Fell       631  0  21 

Gateshead  Town  Fields 158  1     0 

Woodland,  parish  of  Cockfield      2,260  0    0 

WhickliamFell      451  2  16 

Barlow  Fell,  Beda  Hills,  and  wastes  of  the  Manor  of 

Winlaton         521  0    0 

Middlehope  Fell,  Weardale 2,343  0    0 

Middleton  in  Teesdale,  in  and  out  Fells      9,224  2  21 

Boldon  Common    ..      63  2  14 

Total 25,017    1  35 

Thus  we  have  an  aggregate  of  139,088  acres  of  common  land 
divided  between  the  years  1756  and  1853.  I  have  examined  the 
papers  connected  with  a  number  of  those  divisions,  now  in  my 
possession,  and  find  that  the  average  value  per  acre  placed  on 
those  commons  which  were  situated  in  the  central  and  more  im- 
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proreable  parts  of  the  county  did  not  exceed  Otf.  Much  of  the 
same  land,  having  been  enclosed  and  brought  into  cultivatioio,  is 
now  let  at  prices  ranging  from  305.  to  6O5.  per  acre.  Many 
thousand  acres  of  this  common  land,  lying  in  the  less  improveable 
parts  of  the  county,  did  not  average  more  in  value,  in  their  un- 
improved condition,  than  from  id,  to  10^.  an  acre.  The  fee- 
simple  of  one  allotment  of  775  acres  was  sold  for  820/.,  and  the 
fee-simple  of  another,  containing  1000  acres,  was  valued  at  750/1 
I  cannot  say  that  this  portion  of  the  common  land  has  been  im- 
proved in  anything  like  the  same  proportion  as  the  more  improve- 
able commons.  Still,  many  patches  by  the  sides  of  rivers,  &c, 
have  been  picked  out,  and  made  into  good  pasture  land,  and 
some  has  been  brought  into  tillage.  But  the  great  want  has  been 
draining  and  extensive  planting  for  shelter ;  and,  if  I  am  asked 
why  this  has  not  been  accomplished,  I  must  refer  to  the  remarks 
I  shall  shortly  make  on  church  leasehold  property,  the  greatest 
part  of  the  moors  now  under  consideration  being  of  that  tenure. 
Mr.  Bailey  calculates  that,  of  the  commons  divided  previous  to 
1809,  40,000  acres  would  not  pay  for  cultivation ;  and  that 
74,000  had  been  enclosed,  divided  into  fields,  and  brought  und^ 
a  regular  system  of  cultivation.  Of  those  divided  since,  one-half 
the  quantity  has  been  also  brought  into  cultivation.  So  that  we 
have  in  all,  by  those  divisions,  86,508  acres  of  ground,  formerly 
lying  dormant  or  almost  valueless,  brought  into  cultivation,  and 
raised  to  an  average  value  of  about  I85.  per  acre.  If  we  had  no 
other  improvement  to  notice  in  respect  to  the  agricultural  state 
of  Durham,  this  alone  would  be  sufficient  to  excite  our  attention 
and  satisfaction.  Before  leaving  the  consideration  of  this  point, 
I  may  allude  to  the  case  of  a  small  portion  of  land,  part  of  one 
of  those  commons,  which  may  serve  as  an  illustration  of  the  im- 
provement effected  by  their  enclosure.  The  land  in  question 
was  an  allotment  of  about.  8  acres,  about  one-half  of  it  being 
valued  at  is,  6d.  and  the  remainder  at  55.  per  acre.  It  had  on  it 
little  herbage,  indeed  none  of  any  value,  but  was  principally 
heath  and  coarse  grass  interspersed  with  bushes  of  whin.  The 
first  operaticm  was  the  draining.  This  was  done  effectually  by 
drains  30  inches  deep  and  8  yards  apart.  I  often  wonder  at  the 
tenacity  with  which  drainers  hold  to  their  favourite  systems  of 
deep  or  shallow  draining,  as  if  either  system  would  serve  as  a 
fixed  rule,  to  be  alike  suitable  in  every  locality  and  under  every 
circumstance.  My  first  object  of  inquiry,  on  looking  at  any 
land  requiring  draining,  is  to  ascertain  whether  the  water  is  an 
outburst  from  the  strata  beneath,  or  merely  the  rain  hanging  in 
the  ground  for  want  of  outlet  If  it  is  the  first,  we  must  of 
course  go  deep  to  catch  the  springs ;  if  it  is  the  latter,  shallow 
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^iraining  will  answer  in  nine  cases  oat  of  every  ten.*  In  the  pre- 
sent case  shallow  draining  reached  all  the  requirements  of  this 
enclosure,  and  we  next  had  the  whole  of  the  surface  pared  and 
the  sods  burnt.  Lime  was  next  laid  on,  and  the  whole  ploughed 
in.  This  was  done  in  the  autumn,  and  the  ground  lay  over  the 
winter.  In  spring  it  was  ploughed  again,  oats  sown  on  it,  and 
well  harrowed.  Four  bushels  an  acre  were  sown  broadcast,  and 
the  produce  was  about  54  bushels  an  acre.  The  next  crop  was 
potatoes,  well  manured,  of  which  there  was  also  a  most  satis- 
factory crop.  This  was  succeeded  by  wheat  sown  down  with 
seeds,  the  land  being  intended  for  permanent  pasture.     In  its 

firesent  condition  it  is  equal  to  any  grass-land  in  the  county,  and 
ets  for  4/.  an  acre. 

The  working  of  the  Minerals  an  obstacle  to  the  improvement  of 
the  surface, — Before  proceeding  further  into  my  subject,  I  may 
be  allowed  to  point  out  the  great  obstacle  to  the  improvement  of 
agriculture  or  the  cultivation  of  the  surface  of  this  county,  which 
arises  from  the  immense  wealth  which  has  been,  and  still  is, 
derived  from  the  minerals  beneath.  No  other  county  is  so  inter- 
woven with  a  network  of  public  and  private  railways.  In  no 
other  is  there  so  large  a  quantity  of  land  occupied  by  collieries, 
manufactories,  quarries,  waste  heaps,  &c. ;  and  in  none,  perhaps, 
is  there  a  more  extensive  trade  carried  on  in  the  working,  manu- 
facturing, and  sale  of  coal,  limestone,  ironstone,  and  lead, — all 
inducing  a  sacrifice  of  the  interests  of  the  surface  for  the  sake  of 
what  lic^  below  it.  There  is  an  enormous  amount  of  trespass 
involved  in  all  this  trade.  The  pitmen  especially  are  notorious 
for  making  roads  for  themselves  in  every  direction,  just  as  their 
necessity  requires.  Fences  are  destroyed,  and  crops  are  too  often 
trodden  down.  This  is  disheartening  to  the  tenant,  but  he  begins 
to  tolerate  it  when  he  finds  that  the  collieries  want  to  occupy  a 
large  portion  of  his  land.  Fresh  heap-room  is  required,  or  it 
may  be  new  waggon-ways  have  to  be  formed ;  and  the  farmer 
begins  to  grow  careless  of  agricultural  improvement  when  he 
finds,  on  the  one  hand,  that  all  his  improvements  bid  fair  to  be 
destroyed  by  fresh  requirements  of  the  colliery  owners,  or  by  the 
trespass  of  a  reckless  population  around  him, — or,  on  the  other 
hand,  that  it  is  more  profitable  to  receive  his  "  double  damage  " 
from  the  colliery  than  to  make  increased  efforts  for  the  improve- 
ment of  his  land.  The  ^^  double  damage  "  referred  to  is  double 
the  rent  per  acre  which  he  pays  for  his  land,  which  the  colliery 
owners  are  bound  to  pay  him  for  the  full  quantity  of  it  which 


^  If  by  shallow  draining  Dr.  Bell  means  drains  not  less  than  three  feet,  the 
statement  may  be  admitted.  Three  feet  of  soil  above  the  water-level  is  required 
in  all  cases  in  which  any  draining  at  all  is  likely  to  do  good^Ep. 
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they  msiy  take,  occupy,  or  damage.  The  landlord  receives  his 
compensation  for  all  this  hindrance  to  agricultural  improvement^ 
in  the  shape  of  heavy  way-leave  and  other  rents  from  the  colliery 
owners. 

Size  and  Tenure  of  Estates, — A  large  portion  of  this  county 
is  held  in  small  properties,  and  many  of  them  are  frequently 
changing  owners.*  There  are  12,370  names  on  the  Registry  of 
Parliamentary  Electors  in  this  county ;  and  if  we  take  away  the 
tenant  voters  and  the  voters  whose  qualifications  are  houseii  or 
buildings  alone,  there  must  still  be  left  about  4000  individuals 
amongst  whom  the  land  of  the  county  is  divided.  Bailey  men- 
tions two  estates  of  trom  20,000/.  to  22,000/.  per  annum ;  three 
from  12,000/.  to  14,000/. ;  two  from  7000/.  to  8000/.,  &c.  I 
have  now  before  me  the  rent-roll  of  one  estate  producing  8680/., 
and  of  another  producing  6400/.  per  annum ;  but  there  are  not 
many  of  such  sizes.  In  a  list  of  estates  which  we  have  had  for 
sale  within  a  short  period  there  have  been, — 

1  between  2000  and  3000  acres. 

1        „        700    „      800    „ 

1  „  400  „  600  „ 
11  „  300  „  400  „ 
15  „  200  „  300  „ 
22  „  100  „  200  „ 
27  containing  less  than  100  acres. 

A  large  quantity  of  the  land  is  of  leasehold  and  copyhold 
tenure  held  under  the  Church.  The  following  is  the  average  pf 
three  years  of  the  annual  income  the  Church  derives  from  this 
property  in  the  shape  of  fines  on  the  renewal  of  leases,  reserved 
rents,  &c. : — 

Bishop  of  Durham £21,991 

Dean  and  Chapter 36,071 

The  Dean  and  Prebendaries  in  severalty      . .     14,342 
The  Archdeacon      27 

£71,431 

The  annual  value  of  the  second  property  alone,  viz.  that  held 
under  the  Dean  and  Chapter,  has  been  calculated  at  100,000/.  if 
let  on  rack-rent;  and  this  sum  is  thus  divided: — Land,  64,000/.; 
tithes,  10,000/. ;  mines  and  minerals,  26,000/.  The  lands  belong- 
ing to  the  Bishop  are  let  on  leases  for  lives,  and  some  upon 
terms  of  21  years ;  those  belonging  to  the  Dean  and  Chapter,  on 
leases  for  years,  the  terms  being  21  or  40  years.  The  practice 
has  been  to  renew  at  the  end  of  7  years  in  most  cases,  though 
there  are  others  where  the  renewal  takes  place  at  the  end  of  4 
years,  and  a  few  cases  renewed  each  year.  The  property  of  the 
Dean,  and  of  the  several  Prebendaries  and  the  Archdeacon,  is  let 
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at  rack-rent  The  manor  of  Westoe  is  held  under  the  Dean  and 
Chapter,  and  so  was  a  great  portion  of  South  Shields ;  but  a  few 
years  ago,  under  the  authority  of  parliament,  on  the  establishment 
of  the  University  at  Durham,  they  enfranchised  property  at  that 
place  by  which  they  realized  above  48,000/.  It  was  wished  to 
have  raised  95,000/.,  but  many  of  the  lessees  refused  to  accept 
the  terms.  The  valuable  manor  of  Gateshead  is  leasehold  under 
the  Bishop,  held  for  21  years,  a  renewal  being  made  each  year. 
The  manor  of  Whickham  is  copyhold,  also  under  the  Bishop. 
Large  portions  of  freehold  lands,  however,  lie  in  detached  par- 
cels within  these  two  manors.  I  have  felt  it  necessary  to  refer 
more  at  length  to  this  property,  because  I  believe  that  the  nature 
and  extent  of  it  has  been  for  many  years  a  great  bar  to  agricul- 
tural improvement  in  this  county.  This  fact  has  been  more 
than  once  proved,  by  the  evidence  of  impartial  and  competent 
witnesses,  before  Committees  of  both  Houses  of  Parliament.  The 
buildings  on  this  property  are  almost  invariably  of  an  inferior 
description,  and  include  no  more  than  will  barely  suffice  for  the 
occupation  of  the  land.  The  ground  is  just  in  a  similar  condition 
in  regard  to  draining ;  indeed  no  man  having  this  species  of 
property,  and  aware  of  the  manner  in  which  the  fines  on  renewal 
are  made  to  rise  in  proportion  to  all  improvements,  would  think 
of  laying  out  more  money  on  his  estate  than  he  could  not 
well  avoid.  But  one  particular  by  which  these  lands  may  be 
readily  distinguished  from  all  others  is  their  being  almost 
universally  destitute  of  trees.  This  is  owing,  no  doubt,  to  the 
stringent  reservation  in  the  leases  of  "  all  woods  and  underwoods." 
In  some  parts  of  the  county  there  are  thousands  of  acres  of  land 
-which  would  have  been  planted  if  it  had  been  of  freehold  tenure  ; 
but  on  this  kind  of  property,  if  the  lessee  planted  a  thousand 
acres  he  could  not  cut  down  a  single  tree  when  grown  up  for  his 
own  use  without  the  leave  of  the  lessor  ;  and  the  consequence  is, 
that  many  a  bleak  hill  remains  unplanted,  and  many  a  cold  farm 
remains  unsheltered.  The  advantage  to  be  derived  from  exten- 
sive plantations  has  been  repeatedly  pointed  out.  Over  a  great 
deal  of  the  poor  land  of  this  county  it  has  been  shown  that,  if  20 
acres  were  planted  out  of  every  100,  the  remaining  80  would,  in 
a  few  years,  be  equal  in  value  to  what  the  100  used  to  be ;  and, 
in  addition,  there  would  be  the  20  acres  of  wood  rapidly  coming 
into  a  saleable  state  of  growth,  in  a  district  where  the  numerous 
collieries  created  an  almost  unlimited  demand  for  all  kinds  of 
timber.  Thus  the  estates  would  be  increased  in  value  more  than 
20  per  cent.  There  is  an  increasing  want  of  confidence  in  this 
property.  A  21-years  lease  at  one  time  would  produce  18  years* 
purchase ;  of  late  years  much  has  been  sold  at  16  or  17  ;  and 
within  the  last  two  or  three  years,  since  the  subject  was  so  much 
VOL.  XVH.  H 
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under  discussion  both  in  and  out  of  parliament,  it  has  hardly 
been  saleable  at  any  price. 

By  an  Act,  14  and  15  Vict.  cap.  104,  this  church  leasehold 
property  was  permitted  to  be  enfranchised  during  a  certain 
period ;  this  period  is  just  about  to  come  to  a  close,  and  it  ap- 

Eears  that  not  above  a  dozen  parties  in  the  county  of  Durhaim 
ave  availed  themselves  of  this  opportunity,  although  the  number 
of  lessees  will  amount  to  many  hundreds.  This  is  not  supposed 
to  have  been  caused  by  a  desire  for  the  continuance  of  such  a 
tenure,  but  rather  from  an  idea  that  the  terms  of  enfranchisement 
were  unfavourable  towards  the  lessees. 

Size  of  Farms, — Not  only  is  the  county  divided  into  small 
properties,  but  even  the  few  large  properties  in  it  are  divided 
into  small  farms.  By  far  the  greatest  number  is  under  200  acres. 
A  list  of  575  farms  which  have  been  to  let  within  the  last  few 
years  is  thus  divided : — 


Above  2000  acres  ..   . 

.  2 

Between  800  and  400  .. 

24 

5tween  1000  and  2000  . 

.  2 

„   200  „  300  .. 

74 

„    700  „   800  . 

.  3 

„   100  „  200  .. 

190 

600  „   700  . 

.  3 

„    50  „  100  .. 

142 

„    500  „   600  . 

.  3 

Under  50 

121 

„    400  „   500  . 

.  11 

The  question  of  enlarging  the  size  of  farms  in  this  county,  hj 
adding  two  or  three  of  the  smaller  ones  together,  has  often  been 
discussed.  Some  argue  that  farmers  of  greater  capital  would  be 
procured,  and  the  land  generally  managed  with  greater  spirit ; 
but  on  the  other  hand  it  is  urged,  with  great  appearance  of  truth, 
that  men  of  capital  like  better  soil  than  that  of  which  the  greater 
part  of  the  county  is  composed ;  and  it  has  been  much  ques- 
tioned whether  the  landowner  might  not  have  to  run  greater 
risks  of  loss  of  rent  by  larger  farms  than  he  now  does  with  his 
small  ones,  on  which,  if  he  has  tenants  of  small  means,  he  has 
generally  men  of  industrious  habits,  who  are  always  struggling 
on  to  pay  their  rent  and  maintain  their  families.  Undoubtedly, 
however,  this  is  one  of  the  causes  of  the  ^^  backward  condition 
of  agriculture  in  Durham,"  that  the  farmers  generally  on  the 
small  farms  are  deficient  in  that  capital  which  is  necessary  to 
carry  them  on,  according  to  new  and  improved  modes  of  manage- 
ment. 

Causes  of  lachmrd  condition  of  Agriculture  in  Durham. — ^I 
may  now  be  allowed  to  recapitulate  what  has  appeared,  from  the 
statements  already  made,  to  have  been  obstacles  to  the  improve- 
ment of  agriculture  in  this  county : — 

1.  The  larger  than  ordinary  proportion  of  poor  unproductive  soil. 

2.  The  extent  of  land  remaining  in  an  uninclosed  and  '^inter- 
common  "  state  up  to  a  comparatively  recent  period. 
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3.  The  wealth  derived  from  the  minerals  causing  in  many 
places  a  sacrifice  of  the  surface  for  the  sake  of  what  lay  be- 
neath it. 

4.  The  prevalence  of  small  properties,  which  are  frequently 
changiqg  hands,  as  well  as  the  large  extent  of  land  of  leasehold 
and  copyhold  tenures,  under  which  there  was  not  sufficient  en- 
couragement to  improvement. 

5.  The  small  tenancies  into  which  most  of  the  land  is  divided, 
together  with  the  want  of  capital  so  general  amongst  the  tenants. 

Conditions  of  Letting. — The  great  majority  of  the  farms  are 
let  from  year  to  year.  There  seems  a  great  prejudice  against 
leases,  as  much  amongst  the  tenants  as  the  landowners,  though 
some  see  an  advantage  in  them,  and  leases  are  granted  on  some 
estates  for  various  terms,  principally  three  or  seven  years.  The 
usual  time  of  entry  is  at  May-day,  and  the  rents  are  made  pay- 
able half-yearly  on  the  23rd  November  and  13th  May,  though  in 
most  cases  there  is  a  period  allowed  for  payment  after  the  same 
becomes  due.  This  is  generally  half  a  year,  and  is  called  the 
*^  running  half  year."  The  tenant  on  quitting  has  an  away- 
going  crop  from  off  one-half  of  the  lands  in  ploughing  with  the 
use  df  the  stack-yard,  bam,  and  granary  for  a  certain  period  (as 
agreed  upon)  after  the  expiration  of  his  tenancy ;  but  he  is 
bound  to  leave  the  straw  for  the  incoming  tenant,  and  must 
sapply  it  to  him  as  he  needs  it.  In  many  cases  the  away-going 
crop  is  sold,  and  is  often  purchased  by  the  incoming  tenant. 

The  usual  stipulations  in  agreements  with  tenants  in  this 
county  are — Not  to  plough  or  break  up  any  portions  of  the  lands 
laid  down  to  permanent  grass. 

To  manage  the  arable  lands  according  to  the  system  of  hus- 
bandry agreed  upon. 

To  keep  and  leave  in  good  repair  all  fences,  gates,  drains,  &c. 

Not  to  sell  any  hay  or  straw  from  off  the  farm  without  bring- 
ing thereon  in  lieu  thereof  five  fothers  of  dung  for  every  ton  of 
hay  or  straw  so  sold. 

Not  to  depasture  in  the  last  half  year  a  greater  number  of 
stints  than  in  the  previous  half  years. 

To  permit  the  incoming  tenant  previous  to  the  expiration  of 
the  tenancy  to  sow  with  grass-seeds  the  lands  sown  with  the 
away-going  crop,  and  to  roll  in  the  same ;  and  also  to  scale  and 
dress  meadow  grounds ;  also  to  place  lime  or  manure  on  some 
convenient  part  of  the  premises  for  his  own  use. 

To  lead  all  materials  which  may  be  required  for  the  repair  or 
alteration  of  the  farm-buildings. 

To  pay,  in  addition  to  the  rent  agreed  upon,  5  per  cent,  on 
the  landlord's  outlay  in  draining  any  part  df  the  farm. 

The  landlord  reserves  to  himself  or  his  ag«nt  the  privilege  of 

h2 
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entering  upon  the  farm  at  all  seasonable  times,  in  order  to  see 
that  it  is  properly  managed  according  to  the  agreed  scheme  of 
husbandry ;  and  there  is  invariably  a  penalty  specified  of  a  cer- 
tain additional  rent  per  acre  for  every  acre  of  the  farm  managed 
contrary  to  the  stipulations  or  agreement. 

System  of  Husbandry, — The  system  under  which  the  greatest 
proportion  of  this  county  was  managed  at  one  time  was  that 
which  has  been  styled  the  "  Two  Crop  and  Fallow  System." 
The  rotation  then  was — 

1.  Fallow.  •  1.  Fallow. 

2.  Wheat.  ^  2.  Wheat. 

3.  Oats.  ^^'  3.  Beans. 

4.  Fallow.  4.  Fallow. 

Bailey  mentions  both  of  these  rotations,  and  I  have  heard  from 
various  quarters  that  they  prevailed  to  a  great  extent.  They  do 
not  do  so  now.  Draining  and  a  more  liberal  supply  of  manure  is 
enabling  the  farmers  to  introduce  a  better  system,  and  this  old 
one  is  all  but  extinct  There  was  much  excuse  ibr  it  while  it 
lasted.  The  land  was  deplorably  and  universally  in  want  of 
draining.  Turnips  were  a  rare  crop.  Artificial  manures  were 
unheard  of.  The  farm-yard  manures  could  not  be  had  in  suf- 
ficient quantities  ;  for  so  little  stock  was  kept  that  a  sufficiency 
was  seldom  produced  upon  the  premises.  Lime  was  certainly  to 
be  had  in  some  localities,  but  not  in  all ;  for  in  those  days  the 
roads  all  over  the  county  were  kept  in.  bad  repair,  and  railways 
had  not  been  introduced.  In  reference  to  the  railways,  what  ad- 
vantages we  possess  now,  in  comparison  to  what  the  inhabitants 
of  the  county  possessed  so  recently  as  1809,  when  Mr.  Bailey 
could  say — "  There  are  no  iron  railways  used  as  public  roads  in 
this  county " — a  glance  at  the  county  map  will  show  the  grrait 
number  there  are  now.  The  advantage  of  these  railways  is  very" 
great  to  the  farmers  of  this  county,  both  in  enabling  them  to 
convey  their  produce  to  market,  and  in  the  more  plentiful  and 
cheap  procuring  of  lime  and  manure. 

The  system  of  husbandry  which  now  prevails  is  the  four- 
course  system,  under  which,  as  a  general  rule,  the  rotation  of 
crops  is  made  to  vary  much  according  to  local  circumstances — 

On  Light  Soils, 

1.  Turnips,  eaten  off  the  ground  with  sheep. 

2.  Wheat,  sown  down  with  seeds. 

3.  Clover,  either  pastured  with  sheep  or  mown. 

4.  Barley  or  oats. 

On  Strong  Soils. 
1.  Bore  fallow.        2.  Oats.        3.  Seeds.        4.  Wheat. 

The  above  are  frequently  adopted.     In  regard  to  the  rotation 
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on  clay  soils,  I  find  a  great  difference  of  opinion  in  the  county  as 
to  the  comparative  superiority  of  bare-fallowing,  or  the  cultiva- 
tion of  green  crops.  The  great  ailments  in  favour  of  the  bare- 
fallowing  is — 1,  the  stifihess  of  some  of  our  clay  soils,  and  the 
necessity  of  more  frequent  ploughings  and  better  working  than 
can  be  given  with  green  crops ;  2,  the  difficulty  of  procuring  a 
sufficient  quantity  of  manure ;  and,  3,  the  great  tendency  of  our 
poor  soils  to  produce  weeds,  which  it  is  thought  the  green  crops 
will  increase.  To  this  it  may  be  said  that  the  first  objection 
would  be  overcome  by  draining  and  the  use  of  clod-crushers  and 
other  modem  improved  implements ;  the  second  is  a  difficulty 
more  in  imagination  than  reality,  for  in  practice  it  would  soon  be 
found  to  remove  itself — cultivating  green  crops  would  enable  the 
farmer  to  feed  more  stock,  and  keeping  more  stock  would  pro- 
duce him  more  manure ;  to  remove  the  third  objection  a  little 
care  and  industry  would  suffice ;  and  I  may  certainly  say,  that  so 
far  as  my  experience  of  the  county  goes,  the  lands  on  which  green 
crops  are  mo^  extensively  grown  are  far  cleaner  than  those  which 
are  allowed  to  lie  every  fourth  year  in  bare  fallow.  Still  there  is 
a  very  general  opinion  that  a  great  deal  of  the  poorer  clay  soils 
in  this  county  are  nof  calculated  to  grow  green  crops  ;  or  as  a 
shrewd  old  farmer  said  to  me  the  other  day,  "  all  the  draining  in 
the  world  will  not  make  turnip  soil  out  of  our  stiff  clays."  But 
all  are  not  of  this  gentleman's  opinion,  for  not  long  after  I  met 
with  another  person,  who  declared  that  he  never  h^d  a  single 
acre  of  bare  fallow,  and  that  he  got  most  excellent  crops ;  they 
never  failed,  and  he  accounted  for  it  by  saying  that  he  ^'  had 
good  implements,  and  put  the  ground  into  good  heart  by  good 
manuring,  for  which  he  was  fully  repaid  by  good  crops."  His 
fields  were  all  drained  three  feet  deep  and  seven  yards  apart.  I 
believe  draining  would  settle  the  whole  controversy.  If  the  lands 
were  all  properly  drained,  there  would  be  found  very  little  even 
of  the  stiffest  of  our  clays  which  would  not  soon  break  down  and 
pulverise  so  fine  as  to  be  capable  of  growing  turnips.  It  has 
been  tried  and  (as  I  shall  state  more  fully  in  a  little)  the  experi- 
ment has  answered.  Turnips  are  grown  where  they  never  grew 
before;  and  not  only  would  turnips  be  produced  in  soil  now 
thought  unsuitable,  but  by  draining  we  should  soon  see  the 
average  produce  of  all  kinds  of  crop  increased.  A  farmer  stated 
not  long  ago  at  a  public  meeting  of  the  Darlington  Farmers' 
Club,  that  it  was  his  opinion  that  the  bulk  of  the  land  between 
Darlington  and  Newcastle,  which  was  now  yielding  from  20  to 
25  bushels  of  wheat  per  acre,  would,  if  properly  drained,  yield, 
with  less  labour  and  expense,  from  30  to  40  bushels. 

Upon  the  Duke  of  Cleveland's  estates  at  Raby  (before  alluded 
to)  there  are  some  farms  in  excellent  eondition.     They  lie  around 
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ihe  town  of  Staihdrop.  The  soil  is  loamj,  and  in  general  very 
productive.  A  laige  proportion  of  the  land  round  about  the 
town  is  in  old  grass  for  the  use  of  the  inhabitants.  The  tillage 
land  is  worked  on  the  four-course  system,  and  the  rotation  is 
generally — turnips,  wheat,  clover,  and  oats.  The  oat  stubble  is 
ploughed  in  November,  and  again  in  the  spring,  when  from  20 
to  25  loads  of  dung  per  acre  is  laid  on,  or  a  proportionate  quan- 
tity of  bone  or  other  manure,  and  the  tumip*seed  is  sown  in 
drills.  The  quantity  of  seed  varies  according  to  the  soil ;  2  lbs. 
per  acre  may  be  an  average.  The  average  produce  of  the  turnip 
crop  wi^l  vary  from  30  to  40  loads  per  acre  according  to  tbe 
season.  The  turnips  are  either  eaten  off  by  sheep,  or  pulled 
and  stored  in  pits  for  stall-feeding  of  cattle,  &c.  As  soon  as 
the  turnips  are  off  the  ground,  the  land  is  again  ploughed,  and 
wheat  sown ;  the  quantity  of  seed  2i  to  3  bushels  per  acre. 
The  average  produce  of  wheat  differs  very  much  in  various  dis- 
tricts. On  the  poorer  soils«  from  12  to  20  bushels.  On  tbe 
district  of  which  we  are  now  writing,  it  may  be  from  20  to^  30 
bushels.  As  soon  as  tbe  wheat  has  received  one  harrowing  after 
sowing,  liie  grass  seeds  are  sown.  The  quantity  of  seed  varies 
from  14  to  16  lbs.  per  acre.  When  the  grass  is  to  pasture  cme 
year,  there  is  generally  sown  8  lbs.  red,  1  lb.  white  clover,  and 
half  a  bushel  of  rye-grass  per  acre.  If  it  is  intended  to  cut  for 
hay,,  a  larger  quantity  of  seeds  are  given.  The  seeds  remain  for 
one  or  two  years  either  mown  or  pastured,  and  are  generally 
broken  up  before  winter,  and  oats  sown  in  February  or  March. 
The  oats  are  sown  broadcast.  The  quantity  of  seed  is  from  3  to 
5  bushels  per  acre,  according  to  the  kinds,  and  the  average  pro- 
duce from  40  to  60  bushels.  The  rotation  on  the  lighter  soils 
adjoining  to  the  river  Tees,  west  of  Darlington,  is  generally 
turnips,  barley,  clover,  and  wheat.  Most  of  the  tillage  lands  in 
that  district  are  drained  and  well  pulverised.  They  produce 
generally  an  excellent  quality  of  barley,  with  an  average  yield  of 
from  36  to  42  bijshels  an  acre.  On  the  better  class 'of  soils, 
where  many  horses  and  cattle  are  kept,  the  clover  is  allowed  to 
remain  longer  than  on  others — generally  for  two  or  three  years. 
Perhaps  sufficient  pains  are  not  taken  sometimes  to  have  the 
land  in  a  clean  condition,  and  well  broken  down  when  the  seeds 
are  sown  ;  at  least  there  are  many  cases ,  where  the  clover  comes 
up  full  of  weeds ;  and  there  have  been  many  more  in  this  county 
lately,  where  it  either  does  not  come  up  at  all,  or  "  goes  off''  on 
the  second  year.  I  can  reckon  up  six  different  places  at  which 
I  have  just  seen  the  fields  in  course  of  being  ploughed  up  because 
the  clover  had  entirely  failed.  On  such  a  thing  taking  place, 
the  farmer  endeavours  to  get  another  crop  into  the  ground^ as 
early  as  possible.     Jif  it  is  the  second  year  the  clover  fails,  oats 
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aie  generally  sown ;  if  it  fails  to  come  away  at  all^  beans  or  peas 
are  occasionallj  put  in.  If  the  clover  remains  three  years,  it  is 
generally  mown  one  year,  and  pastured  the  other  two.  The 
fallow  crop  is  varied  according  to  locality.  In  the  neighbour- 
hood of  the  large  towns  large  quantities  of  potatoes  are  grown. 
Tares,  peas,  and  beans  also  occasionally  form  the  fallow  crop  ; 
the  last  named  but  seldom  in  this  county  compared  with  others. 

Before  leaving  this  branch  of  my  subject,  I  may  state  that  the 
charges  which  have  been  brought  against  the  agricultural  caor 
dition  of  this  county  have  been — 

Ist.  The  abundance  of  weeds. 

Snd.  The  extensive  prevalence  of  bare  fallowing. 

3rd.  The  too  rapid  succession  of  com  crops. 

-  To  these  I  answer  :■— 

1.  The  weeds  are  rapidly  disappearing  under  increased  drains- 
age.  By  far  the  largest  proportion  of  them  consisted  of  "  butter^ 
caps  *'  and  other  bulbous  and  tuberose-rooted  plants,  which  were 
a  certain  indication  of  water.  There  are  now  many  farms  in  the 
county  which,  in  point  of  cleanliness  of  the  soil,  may  bear  com- 
parison with  any  farms  in  the  kingdom. 

2.  There  are  some  portions  of  our  poor  clay  soils  which,  for 
some  time  at  least,  cannot  be  expected  to  grow  turnips ;  but  the 
quantity  of  them  is  reducing  every  year. 

3.  The  regular  "  four-shift  scheme,"  which  is  (with  slight 
modifications)  all  but  universal  throughout  the  county,  has  been 
found  most  suitable  to  the  character  of  our  soils  and  local  cir- 
cumstances. Under  this  course  the  alternating  of  corn  and  green 
crops  is  regularly  kept  up.  As  to  the  "  two  crops  and  a  fallow  *' 
system,  about  which  so  much  has  been  said,  I  have  already  stated 
that  it  is  almost  obsolete ;  and  it  so  happens  that  I  can  give  the 
period  when  it  began  to  become  so.  The  following  short  extract 
may  be  interesting.  It  is  taken  from  a  letter  dated  J, me,  1794, 
and  written  by  Mr.  Silas  Angus,  land  agent  in  this  county  to 
Sir  William  Appleby  : — 

"  Agreeable  to  desire,  I  shall  attempt  to  give  yon  a  sketch  of  some  of  the 
methods  of  husbandry  practised  in  this  neighbourhood.  The  former  practice 
was  two  crops  and  a  fallow ;  but  for  want  of  being  changed,  the  land  in 
tillage  became  tired  of  growing  com,  especially  oats.  In  order  to  remedy 
that  inconvenience,  a  new  system  was  established  imder  a  four-course  shift, 
or  what  is  here  called  */our  aders ' — viz.,  wheat,  clover,  oats,  and  fallow ; 
and  by  that  alteration  great  benefit  was  at  first  derived.  As  clover  then  was 
rather  a  novelty  to  the  land  in  this  quarter,  it  generally  produced  a  plentiful 
crop,  and  was  also  the  means  of  a  good  crop  of  oats  succeeding  it.  But  now 
the  present  mode  of  some  places  hereabouts  is  under  the  regulation  of  five 
aders,  which  is  continuing  the  clover  crop  two  years ;  and  this  was  thought  a 
probable  means  of  greater  improvement." 

Permanent  Grass. — ^The  proportion  of  old  grass  land   is  in 
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some  parts  of  the  county  much  too  small.  In  the  neighbourhood 
of  Gateshead,  and  up  the  Ravensworth  Vale,  there  are  good 
fields  of  old  grass  ;  but  it  is  in  the  southern  part  of  the  county 
that  the  best  meadows  and  pastures  are  to  be  found.  In  the 
Staindrop  district  the  farms  are  nearly  equally  divided  between 
grass  and  tillage.  In  other  parts  one-third  only  of  the  lands  are 
in  grass,  and  in  some  there  is  a  still  smaller  proportion.  Where 
the  old  grass  lands  are  mown  they  receive  a  top-dressing  of 
manure,  generally  about  15  cart  loads  to  the  acre.  It  is  usual  to 
mow  and  pasture  an  old  grass  field  alternately.  The  average  of 
the  hay  crop  is  generally  li  tons  per  acre.  The  fog  or  after- 
math is  pastured.  It  is  very  common  near  the  principal  towns, 
where  a  number  of  milch  cows  are  kept  by  the  inhabitants,  for 
the  farmer  to  receive  stints  into  his  pastures.  From  65.  to  12^. 
per  week  is  paid  for  a  cow,  according  to  the  season  or  condition 
of  the  grass.  The  quantity  of  land  considered  necessary  for  a 
stint  is  about  Itk-  acres,  and  it  was  usual  to  reckon  the  number  of 
cattle  a  farmer  should  possess  by  the  number  of  stints  his  pastures 
would  carry ;  but  this  is  no  longer  a  criterion  since  stall  or  farm-* 
yard  feeding  came  so  much  into  use.  As  I  have  frequently  had 
occasion  to  point  out  that,  in  particular  localities  in  this  county/ 
the  proportion  of  permanent  pasture  is  too  small,  I  have  been  led. 
to  give  some  attention  to  the  laying  down  of  land  to  grass  ;  and 
particularly  to  an  endeavour  to  ascertain,  in  several  instances, 
the  causes  which  have  led  to  a  failure  of  the  seeds.  The  grass 
seeds  are  almost  always  sown  away  with  a  grain  crop ;  and  it  is 
not  an  unusual  thing,  soon  after  the  crop  of  wheat  has  been 
cleared  off  the  ground,  to  find  that  the  grass  will  not  be  worth. 
allowing  to  lie.  The  causes  of  failure  have  been,  bad  soil ;  the 
ground  not  sufficiently  pulverised ;  the  seed  too  deeply  harrowed 
in,  or  perhaps  too  little  seed  sown.  It  is  common  to  sow  only 
ryegrass  and  clover,  but  where  a  little  extra  expense  would  not 
be  grudged,  it  is  far  better  to  sow  a  greater  variety  of  kinds,  as 
we  thereby  make  a  failure  less  probable  and  secure  a  succession 
of  fresh  herbage  throughout  the  year. 

The  following  are  the  grass  seeds  often  sown  in  this  county,^ 
with  the  cost  per  acre  :  — 

1  bushel  rye-grass £0    5    6 

16  lbs.  red  clover,  at  7(/ 0    9    4 

4  lbs.  white  clover,  at  8(/ 0    2    8 

4  lbs.  rib-grass,  at  ocf 0    18 

£0  19    2 
And  the  following  is  a  selection  of  seeds  recommended  to  me- 
by  my  friend  Mr.  Drummond,  an  eminent  seedsman  in  Stirling.. 
I  have  used  this  myself  with  such  marked  success  that  I  venture 
to  give  the  list  here  : — 
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Afisortmeut  and  Fiopcniions  of  Grass  Seeds,  recominended  by  W.  Dmmmond 
and  Sons,  for  laying  down  permanent  pasture,  on  medium  soil,  per  acre» 

i  bushel  Pacey's  perennial  rye-grass £0  3    0 

i     „      Italian  rye-grass          0  2    9 

31b.  of  Timothy 0  1    6^ 

3  lb.  of  hard  fescue      0  19 

4  lb.  of  meadow  fescue        0  2    4 

2  lb.  of  meadow  foxtail       0  2  0 

31b.  of  cocksfoot 0  1  6 

1  lb.  of  rough-stalked  meadow-grass         0  0  9 

1  lb.  of  wood  meadow-grass        0  0  10 

lib.  of  eversn-een 0  13 

lib.  of  trefoil       0  0  4 

3  lb.  of  cow-grass 0  2  3 

6  lb.  of  white  clover 0  4  2 

Price  in  1854 £14    5 

Note, — Perhaps  in  estimating  the  price  per  acre,  you  should  say  ranging 
from  23«.  to  27».  We  generally  vary  the  mixture  according  to  the  nature 
of  the  soil,  &c. ;  and  where  expense  is  an  object,  we  would  probably  keep  out 
a  little  of  the  expensive  grasses ;  and  where  expense  is  no  object,  we  would 
recommend  the  addition  of  2  lbs.  of  alsike  clover,  and  keep  out  perhaps  1  lb» 
of  each  cow-grass  and  white. 

In  the  breaking  up  of  old  grass  lands,  paring  and  burning  the 
surfiftce  used  to  be  invariably  the  first  step.  This  is  still  occa- 
sionally done  in  this  county,  though  not  so  much  as  formerly. 
It  has  been  more  frequently  ploughed  up  without  paring ;  well 
harrowed  after  lying,  and  the  weeds  gathered  and  burnt.  For 
the  first  crop,  after  ploughing  out,  oats  is  preferred  by  some, 
and  turnips  by  others.  It  is  not  often  that  grass  land  is  per- 
mitted to  be  ploughed  out,  and  when  it  is,  there  is  generally  an 
agreement  for  an  equal  quantity  to  be  laid  away  in  some  other 
part  of  the  farm. 

There  is  many  a  discussion  goes  on  amongst  the  agriculturists. 
of  this  county  on  the  subject  of  breaking  up  the  old  grass  land. 
A  few  are  to  be  met  with  who  would  keep  no  permanent  grass* 
at  all,  arguing  that,  with  the  present  improvements  in  imple* 
ments,  and  with  the  extent  of  draining  that  has  been  accom- 
plished, it  would  be  found  far  more  profitable  to  grow  a  larger 
extent  of  green  crops,  and  bring  up  both  horses  and  cattle  by 
stall  or  box-feeding,  or  in  the  farmyard.  The  greatest  number 
of  our  farmers  are,  however,  only  prepared  to  admit  the  advantage 
of  stall  feeding  so  far  as  it  regards  beasts  to  be  fattened  off  for 
the  butcher ;  and  they  wholly  deny  that  it  can  be  conducive  ta 
the  health  of  horses,  or  even  of  cows  kept  for  milking.  There 
is  no  question  then,  but  our  usual  extent  of  permanent  grass  will 
be  kept  up  ;  and,  whilst  this  is  the  case,  it  ought  to  be  our  care 
to  bring  the  pastures  into  a  good  condition.  Throughout  great 
portions  of  the  county  they  are  not  so  at  present.     Nearly  all  our 
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efforts  in  draining  have  hitherto  been  expended  on  the  tillage 
lands,  and  a  laige  extent  of  grass  land  remains  in  a  cold  wet 
condition,  producing  the  very  rankest  kinds  of  grass,  and  fre- 
quently choked  up  with  moss.  It  is  the  opinion  of  many  ex- 
perienced agriculturists  that  great  benefit  would  accrue  to  the 
county  generally,  if  this  land  was  drained  and  broken  up,  other 
lands,  which  may  have  become  tired  of  cropping,  being  laid 
away  in  lieu  thereof.  A  great  deal  of  this  wet  grass  land  is  not 
worth  above  9^.  an  acre,  and  yet  much  of  it  is  situate  in  such 
places  as  would  lead  us  to  expect  that  it  might  be  made  turnip 
soil,  and  in  a  few  years  be  trebled  in.  value. 

Live  Stock, — Great  attention  has  long  been  given  in  this 
county  to  the  breeding  and  rearing  of  all  kinds  of  stock.  We 
are  not  so  famous  for  pur  sheep  as  for  our  cattle  and  horses. 
The  cattle,  known  by  the  name  of  the  Durham  short  horns,  or 
Teeswater  breed,  are  famed  all  over  the  kingdom.  Mr.  Colling, 
a  celebrated  agriculturist  in  this  county,  has  the  merit  of  first 
discovering  the  peculiar  merits  of  the  breed,  and  he,  with  others 
in  the  county,  bestowed  great  pains  in  improving  the  breed  and 
rearing  various  specimens  of  it,  some  of  which  were  the  wonder 
of  their  day.  Mr.  Bailey,  in  his  '  View  of  Durham  Agriculture,' 
gives  a  great  deal  of  information  as  to  the  animals  of  wonderful 
size,  which  were  reared  in  the  county  from  about  1780  to  1810  ; 
as  to  the  weights  to  which  they  attained,  and  as  to  the  immense 
sums  of  money  which  were  sometimes  given  for  them.  It  is 
unnecessary  for  me  to  dwell  on  these  points,  any  further  than 
may  be  necessary  in  order  to  draw  a  contrast  with  what  is 
desired  and  accomplished  in  the  present  day.  The  breeders  of 
cattle  in  1780,  and  for  some  years  afterwards,  looked  too  much 
to  the  fattening  of  animals  which  should  be  esteemed  ciniosities 
from  their  enormous  size;  and  those  of  the  present  day  look 
more  to  practical  utility  and  the  rearing  of  animals,  whidi  shall 
be  the  most  profitable  stock  upon  a  farm,  and  supply  to  the 
market,  at  the  most  remunerative  prices,  the  largest  amount  of 
good  wholesome  beef  for  our  increasing  population.  We  seem  to 
think  that  we  have  got  that  desideratum  in  the  "  Teeswater " 
stock,  for  that  breed  is  all  but  universal  throughout  the  county. 
I  have  just  fallen  in  with  a  curious  little  book,  published  by- 
John  Day  in  1807,  containing  an  accoimt  of  "  the  late  celebrated 
Durham  Ox.'*  Mr.  Day  was  the  owner  of  it ;  he  bought  it  for 
250/.,  and  two  months  afterwanls  refused  an  oflFer  of  2,000/.  1 
for  his  bargain.  Its  weight,  when  he  first  got  it,  was  27  cwt., 
and  in  five  years  it  increased  to  34  cwt.  Mr.  Day  in  his  book 
gives  the  following  particulars,  which  he  thinks  essential  in  the 
form  and  shape  of  a  perfect  ox — particulars  which  he  thought  his 
own  possessed  in  the  highest  degree.     ^^  Head  rather  long,  and 
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muzzle  fine — eyesr  bright  and  prominent — ears  long  and  thin — 
neck  gently  arching  from  the  shoulders,  and  small  close  to  the 
head' — breast  broad  and  projecting  before  the  legs — fore  thighs 
muscular  and  tapering  to  the  knee — legs  clean  and  fine  boned — 
back  broad,  straight,  and  flat — hips  wide  placed,  round,  and 
rather  higher  than  the  back — carcase,  on  the  whole  nearly 
round."  These  characteristics  are  generally  developed  distinctly 
enough  in  the  beautiful  animaTs  of  this  breed,  to  be  met  with  in 
the  county  at  the  present  day ;  and  they  have  other  good  qualities 
of  perhaps  more  substantisil  consequence.  They  are  moderate 
eat^s,  quick  feeders,  soon  come  to  maturity,  and  the  beef  is  of 
first-rate  quality.  They  are  also  excellent  milkers,  and,  what 
is  of  consequence  in  some  places,  they  a^re  very  docile  and  quiet 
to  go  about  the  onstead.  I  will  not  here  speak  of  the  plan  of 
fattening  them  in  boxes,  which  is  becoming  so  general,  as  I  shall 
have  occasion  to  allude  to  it  in  another  place.* 

There  are  many  horses  bred  in  this  county.  In  the  midland 
districts  of  it  excellent  cart  or  farm-horses  are  reared,  principally 
of  the  Cleveland  breed.  Further  south,  along  the  banks  of  the 
Tees,  at  Gainibrd  and  other  places,  they  breed  a  number  of 
blood  horses,  which  often  bring  high  prices  for  the  saddle. 
Many  excellent  hunters  are  reared  in  that  district. 

The  sheep  kept  on  the  richer  pastures  in  South  Durham  are 
generally  the  Leicester ;  on  the  higher  and  poor  districts  the 
black-faced ;.  in  the  northern  parts  of  the  county  the  Cheviot ; 
and  in  many  places  the  farmers  prefer  a  cross  between  the 
Cheviot  ewe  and  the  Leicester  tup,  which  has  become  very  plen- 
tiful. There  is  also  a  cross  between  the  Cheviot  and  the  black- 
faced  :  indeed,  an  extensive  cattle-dealer,  who  visits  all  parts 
of  the  county^  informs  me  that  there  are  few  sheep  in  the 
county  of  any  pure  breed,  but  that  he  buys  crosses  of  all  the 
breeds  in  existence.  Some  of  these  are  greatly  preferred  to  the 
pure  breeds.  Pigs  are  bred  and  fattened  in  this  county  in  great 
numbers,  not  only  by  the  farmers,  but  in  all  the  colliery  districts 
every  pitman  feeds  his  pig,  and  throughout  the  county  generally 
there  arc  few  families  who  have  not  one  or  more.  It  is  not  pos- 
sible, or  perliaps  necessary,  to  specify  the  breeds,  as  there  are 
so  many,  and  it  may  be  sufficient  to  add  that  every  kind  is  tried, 
according  to  the  fancy  of  the  party,  and  all  due  pains  is  taken  to 
promote  their  fattening ;  it  is  a  point  on  which  great  emulation 
often  exists  in  a  country  villao^e,  who  shall  kill  the  heaviest  pig. 
The  general  weight  is  from  20  to  30  stone,  but  they  occasionally 
reach  much  greater  weights. 

♦  This  part  of  the  report  has  been  omitted,  the  plan  of  box-feeding  not  being 
peculiar  to  the  county  reported  on. 
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A  very  great  impetus  has  been  given  to  the  breeding  of  stock 
in  this  county,  of  late  years,  by  the  laudable  exertions  of  the 
Agricultural  Associations,  which  are  very  numerous  throughout 
the  county.  The  Durham  Agricultural  Society  holds  annual 
meetings,  and  offers  prizes  for  the  best  bulls,  of  different  ages, 
of  the  short-homed  breed  ;  for  the  best  cow  in  milk  or  calf ;  for 
Leicester  sheep,  black-faced  sheep  ;  horses,  the  best  blood  stal- 
lion, .the  best  cart  and  the  best  Cleveland  stallion ;  for  the  best 
mares  for  breeding,  saddle,  harness,  and  draught  horses;  for 
the  best  foals  of  different  ages,  &c.,  &c.  There  are  Societies  at 
Stanhope,  Bamardcastle,  Darlington,  Staindrop,  Stockton,  and 
other  places,  which  offer  similar  premiums. 

Farm-Buildings, — In  this  county  too  many  of  the  farm- 
buildings  are  in  a  very  indifferent  state  of  repair,  as  well  as  in- 
sufficient in  size  and  unsuitable  to  the  farm  in  their  arrange- 
ments. About  fifty,  or  from  that  to  one  hundred  years  ago, 
under  the  old  system  of  farming,  the  buildings  were  generally 
as  poor  as  could  well  be  imagined.  Since  then  they  have  been 
gradually  getting  into  better  condition,  and  much  has  been  done 
towards  their  improvement,  though  they  are  still  far  from  being 
generally  in  a  good  state.  I  have  now  before  me  reports  upon 
47  farms  on  one  estate,  with  detailed  estimates  of  the  cost  of 
repairs  and  additions  required  to  the  buildings,  amounting  to 
the  sum  of  19,896/. :  more  than  this  was  laid  out  upon  them. 
Besides  the  want  of  repair  arising  from  age  and  neglect,  the 
principal  cause  of  complaint  was  the  insufficiency  of  the  stabling 
and  byers,  and  their  great  want  of  ventilation.  On  many  of  the 
farms  stock  could  not  be  reared  and  preserved  in  that  healthy 
condition  which  was  so  requisite,  in  consequence  of  being 
exposed  to  all  the  inclemencies  of  severe  weather  without 
proper  shelter.  The  principal  improvements  which  have  taken 
place  in  the  farm-buildings  have  been  on  the  larger  farms  ;  the 
buildings  on  most  of  the  small  farms  still  remain  in  an  unsatis- 
factory condition.  Out  of  28  onsteads  I  have  lately  examined, 
21  were  reported  upon  as  requiring  alteration  and  repair. 

The  chief  alterations  which  have  been  adopted  in  modem 
erections,  or  improvements,  have  been  to  procure — 

1.  Additional  accommodation  for  housing  cattle,  renderetl 
necessary  by  the  greater  number  of  cattle  fed,  and  by  the  prefer- 
ence now  given  by  many  to  stall-feeding  over  the  ordinary  mode 
by  pasturing. 

2.  Superior  ventilation  and  light  in  stables  and  byers. 

3.  The  preserving  of  the  stored  crops  of  all  kinds  from 
injury ;  and 

4.  The  keeping  of  all  manure  produced  on  the  premises  in  its 
full  quantity  without  waste. 
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I  will  endeavour  to  point  out  how  each  of  these  objects  has 
l>eea  accomplished. 

1.  Accommodation  for  Housing  Cattle, — On  several  farms  boxes 
bave  been  erected,  all  well  covered  in,  and  so  arranged  as  to 
admit  of  perfect  ventilation.  A  statement  has  been  drawn  up 
respecting  erections  made  on  the  farm  of  Barmston  in  this  county, 
wUch  it  may  be  worth  while  to  repeat : — 

"  The  house  accommodation  at  present  is  inferior  and  inadequate.  Where 
80  much  has  been  done,  it  is  very  important  that  some  economical  mode  of 
coQstructiott  he  adopted ;  and  whilst  we  certainly  should  desire  something  of 
a  more  permanent  character,  we  subjom  the  particulars  of  an  estimate  and 
specification  which  may  he  useful  to  landlords,  as  exhibiting  a  cheap  method 
of  affording  increased  accommodation  to  their  tenants.  With  care  this  may 
last  a  considerable  number  of  years,  until  a  landlord  is  gradually  able  to  get 
orer  his  whole  estate  with  buildings  of  a  more  permanent  and  substantial 
description.  The  system  of  stall-feeding  is  adopted  as  the  most  economical 
in  first  cost,  and  believed  to  be  at  least  equally  profitable,  as  compaied  with 
any  other  in  the  progress  of  the  stock.  Close  wooden  sheds  are  pro'posed  to 
be  erected,  15  feet  wide  inside,  with  a  feeding  passage  in  front,  and  a  cleansing 
passage  behind  the  cattle.  The  sheds  are  to  be  made  of  home-sawn  wood, 
and  roofed  with  the  same,  coated  with  coal  tar.  Inside  they  are  to  be  fitted 
in  the  usual  manner,  with  stalls,  mangers,  doors,  &c.  The  whole  may  be  so 
erected  at  a  cost  of  10«.  per  head,  where  the  timber  is  got  free  on  the  estate. 
If  the  value  of  the  timber  is  added,  the  cost  will  be  30«.  per  head.  A  shed 
70  feet  long  by  15  feet  wide  inside,  aflfording  accommodation  for  twenty  cattle 
in  stalls,  7  feet  to  each  pair,  will  cost  as  follows : — 

34,000  superficial  feet  1-inch  deal,  at  12s.  per  1,000  £20  8  0 

50  krch  posts,  at  8rf 1  13  4 

40  couple  sides,  at  8</ 16  8 

20  baulks,  at  10«? 0  16  8 

170  feet  wall-plate,  at  M 0  14  2 

170  feet  runners,  at  ^f? 0  7  1 

2  barrels  coal-tar,  at  5s.,  in  Durham      ..      ..  0  10  0 

Nails 1  10  0 

Workmanship     ..      ..      2  14  1 

£30    0    0" 

More  permanent  erections  than  the  above  for  the  same  purpose 
have  already  been  erected  in  the  county. 

2.  Superior  Ventilation  and  Light  in  Stables  and  Byers. — 
In  no  part  of  our  farm  buildings  has  there  been  greater  neglect 
than  in  this.  Many  of  the  stables  especially  were  without  any 
light  or  ventilation  beyond  what  was  given  by  the  single  door- 
way, and  were  besides  both  small  and  ill-contrived.  I  went 
through  some  new  stabling  in  the  county  a  few  days  ago,  and 
shall  give  a  few  brief  particulars  by  way  of  showing  the  improve- 
ments that  are  in  course  of  being  effected.  The.  first  point  which 
struck  me  on  entering  them  was  their  "roominess."  The  width 
was  14  feet,  9  of  which  was  the  length  of  the  stalls,  and  5  the 
passage  behind  the  horses.     There  were  6  stalls,  each  5  feet  6 
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» 
inches  in  width  :  the  height  was  9  feet  6  inches.  The  floors  of 
the  stalls  have  a  descent  of  2  inches  in  their  length,  and  a 
channel  runs  the  whole  length  of  the  stable,  along  which  the 
water  passes  and  is  conveyed  by  a  pipe  to  the  liquid  manare 
tank.  The  stalls  are  separated  by  a  close  partition,  6  feet  higb 
at  the  head,  and  4  feet  6  inches  at  the  lower  end.  For  ventila- 
tion, cast-iron  grated  bricks  are  built  in  the  wall  at  the  level  t>f 
the  ground  in  each  stall,  and  at  the  head  of  the  stalls  the  light 
was  admitted  by  round  windows,  moving  on  a  pivot  in  the 
centre,  and  therefore  easily  opened  at  any  moment  to  inofease 
the  ventilation.  They  were .  so  placed  that  one  served  for  two 
stalls.  The  mangers,  racks,  and  other  fittings,  were  all  of  cast 
iron.  There  was  no  loft  above,  but  a  coved  ceiling,  ia  which 
were  several  passages  communicating  with  cupolas  of  wood,  with 
sides  of  lattice-work,  placed  in  the  roof,  by  which  the  heated  air 
passed  off.  Another  mode  of  ventilation,  which  has  been  adopted 
with  great  success,  is  the  introduction  of  4-inch  pipe  tiles  clo«e 
to  the  ceiling  above  each  stall.  This  is  a  cheap  and  simple 
method,  and  is  said  to  answer  perfectly  the  purpose,  of  causing  a 
current  of  air  without  any  draught  which  might  be  injurious  to 
the  horses. 

3.  Tiw  preserving  of  the  Stored  Crops. — ^To  effect  this  Aexe 
have  been  new  and  improved  bams  and  granaries  for  the  grain 
crops,  and  in  some  places  sheds  have  been  introduced  to  shelter 
the  hay.     Turnips  and  potatoes  are  generally  preserved  in  pits. 

4.  The  keeping  of  all  Manure  without  waste. — Under  this  head 
I  may  notice  the  tanks  which  have  been  constructed  for  the  pre- 
servation of  the  liquid  manure  which  used  (and  yet  is  in  many 
places)  to  be  all  lost  until  a  very  recent  period.  These  tanks  are 
becoming  general,  and  are  differently  formed  according  to  the 
means  or  fancy  of  the  landlord.  The  liquid  is  generally  laid 
upon  the  grass  land,  and  has  been  found  very  beneficial  to  the 
fog  when  put  on  just  after  mowing.  A  plan  has  been  introduced 
in  some  places  of  laying  up  the  manure  under  cover ;  and  gene- 
rally throughout  the  country  I  see  a  greater  disposition  to  pre- 
serve the  farmyard  manure  from  the  injurious  effects  of  wind  and 
weather  until  it  be  laid  into  the  land.  I  may  remark  here,  in 
regard  to  the  use  of  manures,  that  a  greater  degree  of  caxe  is 
observed,  not  only  in  the  preservation  of  the  dung  in  a  good 
state,  but  also  in  regulating  the  nature  and  quantity  of  the 
manure  to  the  quality  or  character  of  the  soils.  For  this  purpose 
bones  in  all  their  different  forms  of  preparation,  guano,  and  the 
various  kinds  of  artificial  manures,  are  very  freely  used :  the 
latter  generally  with  the  turnip  crop,  though  they  are  sometimes 
sown  over  the  land  and  harrowed  in  with  other  crops.  For  the 
growth  of  potatoes  dung  is  still  preferred ;  it  is,  however,  well 
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mixed  with  ashes,  where  these  can  be  procured.  Lime  is  in 
Tery  general  use,  and  is  procured  in  most  parts  of  the  county 
easily  and  of  good  quality.  Lime,  as  far  as  I  can  learn,  was 
found  of  universal  and  inestimable  benefit  in  all  the  cases  of 
improving  common  lands  to  which  I  have  alluded ;  and,  indeed, 
in  the  breaking  up  of  old  grass  generally,  it  is  almost  always 
applied  :  of  course  it  does  not  produce  the  same  benefit  on  land 
which  has  not  been  drained,  for  it  is  soon  washed  through  the 
-soil,  and,  if  not  taken  away  entirely,  is  deposited  in  a  layer  be- 
tween the  soil  and  the  subsoil.  I  once  heaitlof  a  curious  instance 
where  a  farmer,  accustomed  to  go  through  his  ordinary  routine 
without  much  inquiry  as  to  modem  improvement,  or  much  study 
as  to  the  (to  him)  Tcry  '*  book-learned  "  doctrines  of  cause  and 
ejfect^  who  wondered  very  much  that  all  the  lime  he  laid  on  never 
seemed  to  be  increasing  his  crops  in  a  similar  way  as  those  of  his 
neighbours.  He  was  used  to  plough  the  ususd  regular  depth 
which  his  grandfather  had  ploughed,  and  he  never  went  below. ; 
consequently,  in  the  course  of  years,  the  plough  had  worn  itself 
a  pretty  hard  road  on  the  top  of  the  subsoil  at  the  poor  man's 
r^ulated  depth.  At  length  the  mystery  was  cleared  up,  for 
one  year,  venturing  a  little  deeper  than  usual,  he  turned  up  a 
^ck  layer  of  lime  almost  in  the  condition  in  which  he  laid 
it  on. 

Fences  and  Size  of  Inclosures. — There  is  great  room  for  im- 
provement in  both  these  particulars.  The  fences  are  generally 
growing  ones,  made  of  the  thorn.  In  the  western,  or  higher 
district,  stone  walls  are  used.  In  some  parts  of  the  county  they 
are  in  good  condition,  but  in  others  very  bad.  A  great  evil  in 
those  parts  of  the  county  which  have  been  the  longest  inclosed 
and  cultivated  is,  the  smallness  of  the  inclosures  (friom  two  to  six 
acres)  and  the  breadth  of  the  fences.  By  both  means  not  only 
much  ground  is  wasted,  but  the  drying  effects  of  sun  and  air  are 
kept  from  the  ground,  and  consequently  the  ripening  of  the  crops 
retarded.  An  antiquarian,  referring  to  our  past  history,  would 
easily  explain  both  the  smallness  of  the  inclosures  and  the  pecu- 
liar way  in  which  we  see  the  smallest  of  them  gathered  round 
the  various  villages.  Formerly  the  whole  county  was  in  one 
vast  uninclosed  moor,  excepting  round  about  the  towns  or  vil- 
lages, each  of  which  had  an  extent  of  ground  round  it,  which 
was  called  the  «  Town-field,"  or  "  Stinted  Pasture,"  or  "  In-Fell." 
The  inhabitants  did  not  do  much  in  cultivating  either  grain  or 
green  crops  beyond  what  the  stern  necessities  of  nature  would 
enforce,  therefore  each  individual  inclosed  his  little  patch  of 
tillage  ground  as  near  to  his  door  as  he  could  get  it ;  and  in  addi- 
tion to  this  tillage  garth  he  had  one  or  more  ^^ ox  gangs^^  or 
^  stints  "   upon  the  pasture ;  and  an  unlimited  range  upon  the 
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^^  Out  Fell  '*  was  open  to  him  if  he  possessed  an  adventurous 
spirit ;  but  the  "  Out  Fell  "  was  the  "  unsettled  territory  '*  in 
those  days,  into  which  few  would  venture  their  cattle  for  fear  of 
the  "  inroads  of  the  Scots." 

Implements. — ^There  is  not  much  to  notice  in  regard  to  the 
implements  in  use  in  this  county,  because,  so  far  as  I  know,  we 
have  nothing  but  what  is  already  well  known,  from  being  in 
common  use  throughout  the  kingdom.  I  may  say,  however,  that 
under  this  head  also^onsiderable  improvements  are  taking  place 
in  the  county.  The  implements,  which  at  one  time  used  to  be 
of  the  plainest  and  roughest  class,  are  beginning  to  assume  a 
different  character,  and  those  of  modem  invention  or  improve- 
ment are  getting  into  use.  The  ordinary  swing  ploughs  are  in 
use,  and  seldom  those  with  wheels.  The  prdinary  rollers,  made 
of  wood  and  stone,  are  made  heavy  and  invariably  drawn  by  a 
pair  of  horses.  Crosskill's  clod-crusher  is  used  and  much 
approved.  If  it  could  be  manufactured  at  a  smaller  price  than 
16/.  to  20/.  it  would  be  a  great  benefit  to  the  small  farmers  of 
this  county.  The  ordinary  teethed-harrows  are  used,  and  the 
improved  grubbers  and  scarifiers  have  been  introduced,  though 
not  brought  into  general  use.  Turnip  and  other  drills  have  long 
been  in  ordinary  use.  There  are  few  farms  in  the  county  remain- 
ing without  a  threshing-machine :  the  most  of  them  are  worked 
by  horses,  but  in  a  few  cases  steam-power  has  been  introduced. 
The  carts  are  generally  of  light  and  improved  construction.  We 
do  not  see  one  of  the  heavy  waggons  here  which  are  in  use  in 
more  southern  counties.  The  small  implements  are  just  as  in 
other  places,  and  it  would  not  be  necessary  to  refer  more  par- 
ticularly to  implements,  machines,  or  utensils  of  the  most  modem 
invention,  such  as  chaff  cutters,  turnip  sheers,  linseed  and  chaff 
steamers,  weighing  machines,  &c.  &c.,  which  have  not  come 
into  common  use,  but  which  have  all  been  introduced  into  the 
county  by  a  few  of  our  improving  farmers. 

Charges  upon  the  Farms :  Tithes, — I  cannot  give  any  correct 
idea  of  the  tithes  without  more  research  than  1  can  spare  time 
for,  and  more  space  than  it  would  be  desirable  to  give  in  this 
report,  they  vary  so  much  throughout  the  county.  In  some 
parishes  or  townships  all  kinds  of  tithe  had  been  paid ;  in  others, 
corn-tithe  ;  in  others,  no  corn-tithe  but  hay  ;  in  some,  moduses ; 
in  others,  small  tithes  only ;  so  that  there  was  no  sort  of  regu- 
larity throughout  the  county.  The  operations  of  the  Tithe 
Commutation  Act  were  carried  out  in  297  townships  or  districts 
within  the  county,  and  generally  with  great  satisfaction.  The 
rent-charges  were,  upon  the  whole,  settled  with  the  best  feeling 
between  tithe-owner  and  land-owner,  there  being  little  or  no  dis- 
pute in  all  cases  as  to  the  amount  of  tithes  paid  during  the  seven 
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years,  the  average  of  which  was  to  form  the  data  for  fixing  the 
rent-charge. 

Summary  of  Tithes  commnted  in  the  County  of  Durham  up  to 
January  1, 1852. 

Number  of  Townships  commuted,  297. 
Rent-charges  payable  to 

Clerical  appropriators,  or  their  lessees    ..      ..  £11,273    2  2  J 

Parochial  incumbents       28,070  11  Sj 

Lay  impropriators 14,118    0  li 

Schools,  colleges,  &c 4,702    1  4i 

Total     £58,163  15    6 

Poor  Rates. — ^These  are  not  considered  high  generally  in  this 
county,  though  the  following  statement  shows  a  very  large 
increase  in  the  amount  raised  within  the  last  seventy  years.  The 
number  of  parishes  in  Durham  is  310,  all  comprised  in  14  poor 
law  unions : — 

Total  Amount  raised  in  the  County  for  the  Relief  of  the  Poor. 

1776 £19,880  17    2 

Average  of  1783, 1784,  and  1785     22,063    5    2 

1803 67,517  16    9 

1846 94,006    0    0 

1851 94,793  16    0 

1852 106,847  19    0 

Highway  Rates, — ^The  highway  assessment  in  this  county  is 
generally  for  a  sum  exceeding  24,0007.  The  rates  vary  so  much 
in  the  different  townships  that  I  cannot  pretend  to  give  them.  In 
1850  there  was  22,57 7i  raised  in  money,  and  1,949/.  in  team 
work  and  other  labour  performed  in  lieu  of  rates.  The  income 
of  the  turnpike  trusts  in  Durham,  which  is  raised  by  tolls,  a 
large  proportion  of  which  is  paid  by  the  farmers,  amounted  in 
1847  to  26,716/. ;  and  in  1850,  to  21,985/.— a  falling  off  caused 
no  doubt  by  the  increased  traffic  on  the  railways. 

Prices  of  Lahour  and  Piece-work  in  this  County. 
A  hind's  wages — 12s.  and  IBs,  a-week,  with  cottage  found,  and 
sometimes  a  garden  or  potato  ground. 

A  labourer        2».  and  2s.  6rf.  per  day.. 

Women  working  in  the  field lOd, 

Children 4c?.  and  Get. 

A  ploughing     7s.  Oc^.  per  acre. 

A  double-horse  harrowing       2s.  6c?. 

Cleaning  and  spreading  dung 3s.  6</. 

Rolling      Is.  Od, 

Sowing  seed      Is.  Orf. 

Stoning  and  brushing  grass Is.  6<^. 

Cutting  clover 3s.  6rf. 

Manure     2s.  6i.  to  3s.  6rf.  per  load. 

Shearing  and  binding  wheat  ....  '  10s.  Orf.  per  acre. 

A  single-horse  cart 4s.  6d.  to  5s.  Od.  per  day, 

A  double  ditto 6s.  Od  to  Bs.  Oc^^       ,^ 
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Draining, — 1  have  already  mentioned  incidentally,  whilst  con- 
sidering other  things,  that  there  was  a  sad  want  of  draining  in 
this  county.  It  must  not  be  supposed,  however,  that  no  efforts 
have  been  made  to  alleviate  this  evil ;  on  the  contrary,  a  great 
deal  has  been  done,  but  the  misfortune  was  so  much  was  required 
to  be  done  that  it  will  be  some  time  before  our  efforts  will  take 
effect  upon  the  general  character  of  the  county.  There  is  some- 
thing in  the  peculiar  formation  of  the  strata  of  this  county  which 
seems  to  have  a  tendency  to  make  it  more  wet  than  others.  Mr. 
Granger,  an  eminent  agriculturist  in  his  day,  published  a  report 
on  Durliam  some  years  before  Mr.  Bailey *s,  and  in  his  report  he 
bias  a  map  of  the  county  coloured  according  to  the  stratification, 
and  I  see  he  calls  the  strata  of  almost  the  whole  county  '*  water- 
shaken,^^  doubtless  from  the  peculiarly  broken  up  nature  of  it, 
and  from  its  being  filled  with  water.  Where  the  coal  has  been 
wrought  near  to  the  surface,  and  the  water  coming  into  the 
colliery  through  the  fissures  in  the  strata  has  been  pumped  up 
and  conveyed  away,  then  the  district  around  is  no  worse  than 
others ;  but  if  the  coal  has  not  been  wrought  or  having  been 
wrought  if  the  colliery  has  ceased,  and  the  old  workings  are  filled 
up  with  water  which  has  no  sufficient  outlet,  then,  in  either  case, 
the  water  must  find  its  way  to  the  surface.  There  is  a  great  va- 
riety of  modes  of  draining  practised  in  Durham :  the  tiles  and 
pipes  are  generally  used,  but  they  are  laid  at  almost  all  depths 
and  distances  apart.  A  very  experienced  man  who  has  been  a 
drainer  upwards  of  thirty  years  recommends  30  inches  deep  and 
18  feet  apart,  with  36  inches  deep  for  the  main  drains.  These 
dimensions  are,  perhaps,  most  in  use  in  this  county.  On  the 
estates  of  Lord  Durham  14,000/.  have  been  expended  in  drainage 
by  the  landlord,  for  which  the  tenants  are  charged  at  the  rate  of 
5  per  cent. ;  besides  which,  the  tenants  themselves  have  occa- 
sionally done  something.  A  farmer,  who  occupies  land  belong- 
ing to  his  lordship,  stated  not  long  ago  in  a  public  meeting,  that 
he  had  drained  land  himself  at  an  expense  of  from  10/.  to  11/. 
per  acre.  Another  tenant  stated  at  the  same  meeting  that  for 
some  years  he  laid  out  from  100/.  to  150/.  a-year  in  draining, 
Lord  Durham  finding  only  the  tiles  ;  he  thought,  however,  that 
two  crops  paid  him  back  all  his  money.  On  the  estates  of  the 
late  Sir  Thomas  John  Clavering,  also,  a  large  amount  of  draining 
has  been  executed.  Within  a  short  time  above  1000/.  were  ex- 
pended :  he  also  charged  the  tenants  5  per  cent.  On  the  estates 
of  most  of  the  other  large  land-owners  large  sums  have  been 
expended,  but  on  none  of  them,  perhaps,  has  there  been  a  more 
liberal  expenditure  in  draining  and  improvements  generally  than 
on  the  estates  of  John  Bowes,  Esq. ;  and  I  think  it  only  an  act 
of  justice  to  make  known  his  liberality,  both  as  an  example  to 
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others,  and  as  a  refutation,  at  once  complete  and  undeniable,  to 
Ae  often  repeated  calumny,  that  "  there  is  little  done  in  Durham 
for  the  improvement  of  the  land."  Mr.  Bowes  possesses  three 
large  estates  in  this  county,  and  I  am  enabled  to  present  the  fol- 
lowing particulars  of  his  outlay  in  impraving  them  : — 

Stbeatlam  Estate,  in  South  Durham,  the  property  of  John  Bowes,  Esq. — 
Amount  expended  in  the  Improvement  of  this  Estate  from  1841  to  1853 

inclusive. 


Expended 

on 

Expended  in 

Year. 

Buildings. 

Draining. 

1841 

£279     3 

6 

£230    8     1 

1842 

518  18 

6 

234  13    4 

1843 

1226  19 

3 

707  14    4 

1844 

1504  18 

3 

810  1^    7 

1845 

284    2 

9 

544  17    0 

1846 

290  14 

5 

250    6    8 

1847 

1326     6 

3 

583    0    5 

1848 

1349    5 

0 

133  18    9 

1849 

1196  16 

0 

13    8 

1850 

1160  17 

7 

53  18    0 

1851      •     .. 

823    4 

4 

389    4    3 

1852 

856    4 

9 

813    6    9 

1853 

1256    6 

8 

1444  14    4 

£12,073  16 

3 

£6,198    2    0 

Amoimt  of  Government  grant  also  expended] 
in  addition  to  the  above,  in  draining  on  the  I 
Streatlam  estates  during  the  five  years  pre- 1 
vious  to  February,  1853     ) 


5,000    0    0 


£11,198    2    0 

GiBsmE  Estate,  in  North  Durham,  the  property  of  John  Bowes,  Esq.— r 

Amomit  expended  in  Improvements  on  the  Farm  Buildings,  &c.,  from 

1842  to  1853  inclusive. 

■^  Amount 

Tear.  Expended. 

1842 £607  3  lU 

1843 1266  12  9i 

1844 582  19  1 

1845 251  13  9 

1846 411  14  8 

1847 156  16  2i 

1848 1131  7  3 

1849 440  16  6 

1850 1586  14  7 

1851 484  2  3 

1852 551  2  4 

1853 245  3  11 


£7716  7  31 
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Hylton  Estate,  in  North  Durham,  the  property  of  John  Bowes,  Esq. — 
Amount  expended  in  the  Improvement  of  this  Estate  from  1842  to  185^ 
inclusive. 


Year. 

Expended  on 

Expended  la 

BuUdings. 

Drainiog. 

1842 

£101      7      7 

£345     4     6 

1843 

206    2     1 

745  16     H 

1844 

182  17     8 

735  16     2i 

1845 

295     1  11 

767    9    0 

1846 

162     7     7 

940  14    2 

1847 

216    3  10 

956  14    4 

1848 

100    9    3 

1068    7     7 

1849 

861    4    1 

1016  15  11 

1850 

514    9    1 

810  15    8 

1851 

292  13  10 

701  13    9 

1852 

106    0  11 

566    1    a 

1853 

137    9  11 

121  13    8 

£3176    7    9 


£8777    2    9 


Total  Amount  expended  by  Mr.  Bowes  on  the  Improvement  of  his 
Durham  Estates. 


Strcatlam  Estates 
Gibside  Estate.. 
Hylton  Estate.. 


("Buildings 
t  Draining 
Buildings 
r  Buildings 
(Draining 

Total 


..      ..       £12,073  16 

3 

..      ..         11,198 

2 

0 

..      ..           7,716 

7 

H 

..      ..           3,176 

7 

9 

..      ..           8,777 

2 

9 

£42,941  16    Of 


At  Streatlam,  during  the  first  five  years,  the  drains  were  cut 
from  2  to  3  feet  deep  and  from  6  to  9  yards  apart.  The  remainder 
was  put  in  4  feet  deep  and  from  36  to  40  feet  apart  The 
tenants  lead  the  materials  and  pay  7  per  cent,  on  the  landlord's 
outlay.  No  interest  is  charged  on  the  lar^e  amount  expended 
on  the  improvement  of  the  buildings.  The  farms  here  are 
generally  let  from  year  to  year.  This  estate  many  years  ago  had, 
from  various  causes,  got  into  a  very  bad  condition  during  the 
lifetime  of  the  late  Earl  of  Strathmore,  and  the  trustees,  during 
Mr.  Bowes's  minority,  laid  out  from  20,000/.  to  30,000/.  upon 
the  estate,  previous  to  and  altogether  irrespective  of  the  above 
liberal  outlay  by  Mr.  Bowes  himself.  Upon  the  Gibside  estate 
the  draining  has  just  been  commenced  under  the  "  Private 
Money  Drainage  Act.'*  Not  another  word  need  be  added  to  set 
forth  the  laudable  attention  of  this  gentleman  to  the  improvement 
of  that  portion  of  the  county  of  Durham  which  belongs  to  him. 

The  expense  of  draining  is  so  very  uncertain  —altogether  de- 
pending upon  local  circumstances,  that  it  is  impossible  to  give 
an  accurate  account  of  it.  It  may,  however,  be  useful  to  give 
some  ideas  respecting  it  by  the  following  exact  account  of  the 
expense  of  draining  a  field  containing  Ha.  1r.  20p,  executed  in 
this  county  not  long  ago. 
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The  Actual  Cost  of  Draining  a  Field  in  the  County  of  DurhlUn, 
containing  11  acres,  1  rood,  20  poles. 

Drain  along  top,  59  roods,  4  feet  deep,  at  Is,  3d.    ..  £3  13  9 
Tile  drains — 

24  roods  of  main  drains,  d  feet  deep,  at  Is.        ••  14  0 

406  roods  of  furrow  drains,  32Jnches  deep,  at  7d,     13    6  0 

50  do.               do.             30  inches  deep,  at  6d.  15  0 
Stone  drains — 

30  roods  of  main  drains,  3  feet  deep,  at  Sd.  and  Qd,  1    1  7 
Cost  of  pipe  tiles — 

10,660  pipes,  at  16«.  per  1000        8  11  0 

590  No.  3  tiles,  at  3s.  6c?.  per  100 10  7 

420  No.  2  tiles,  at  2s.  6rf.  per  100 0  10  6 

7  yards  of  socketed  water  pipes,  at  Zd.  per 

yard 0    19 

labour — 

Leading  materials ..     ,.     ..  6  11  4 

£37    6    6 

Before  leaving  the  subject  of  draining  I  would  beg  to  direct 
attention  to  a  point  which  has,  I  fear,  been  partially  neglected  in 
draining  particular  districts  of  country — I  mean  the  condition  of 
the  main  or  trunk  drain.  I  do  not  refer  to  th^  main  drains  laid 
in  a  farm  or  in  a  range  of  fields,  but  to  the  stream  or  river  which 
forms  the  main  drain  of  an  entire  district.  I  would  point  out 
the  evil  I  allude  to  by  reference  to  a  case  in  this  county  which  I 
have  in  view.  Down  the  middle  of  a  valley,  with  a  large  extent 
of  sloping  country  rising  up  on  each  side,  runs  a  stream,  which 
is  the  main  or  trunk  drain  for  many  hundred  acres  of  land  lying 
on  either  hand  of  it.  On  each  side  of  the  stream  there  is  a  good 
breadth  of  haugh  land,  which  stretches  across,  pretty  level,  from 
the  foot  of  one  sloping  ground  to  the  foot  of  the  other.  All  the 
drains  of  the  district  must  necessarily  have  their  final  outlet  in 
this  stream,  which  in  turn  has  its  outlet  in  a  river  up  which  the 
tide  flows.  The  velocity  of  this  valley  stream  is  very  trifling, 
with  occasionally  places  of  almost  dead  level,  for  two  miles  or 
more  previous  to  its  reaching  its  outlet.  Thence  arises  the 
practical  evil.  The  tide  flowing  up  the  river  meets  every  wet 
season  a  flood  of  water  rolling  sluggishly  down  this  stream  and 
dams  up  its  outlet.  The  flood  thus  pent  up  spreads  over  the 
haugh  lands,  and  for  many  days  together  they  present  the  ap- 
pearance of  a  lake — very  beautiful  to  the  eye,  but  most  dis- 
heartening to  the  farmer,  for  his  lands  are  half  covered,  his  drains 
are  all  stopped,  and  They  are  often  permanently  disordered,  filled 
tip  with  sediment  and  stopped.  A  remedy,  or  at  least  an  allevi- 
ation of  the  evil  is  very  apparent.  The  stream  twists  through 
the  haughs  like  the  writhings  of  a  serpent.  Cut  ofi"  some  of  the 
folds  and  you  miglit  shorten  its  length  by  one-half,  and  thus  in- 
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crease  the  velocitj  of  the  corrent  and  carry  the  floods  quicker 
away. 


General  and  concluding  remarks. — What  remains  to  be  said  is 
a  summing  up  of  the  substance  of  my  Report,  including  a  state- 
ment of  the  changes  which  have  taken  place  since  1810,  the  date 
of  Mr.  Bailey's  Report,  and  of  the  further  changes  or  improve- 
ments which  seem  to  be  required. 

I  will  attempt  to  do  this  very  briefly.  A  considerable  pre- 
judice exists  against  Durham  farming ;  it  has  been  styled  the 
worst  in  the  kingdom,  and  the  landlords  have  been  accused  of 
doing  little  or.  nothing  for  their  estates.  .  I  admit  that  the  ave- 
rage $tate  of  the  farms  in  this  county  is  behind  the  condition  of 
farms  in  other  counties;  but  'I  hacve  broken  down  the  force  of 
the  charge — 1st,  by  alleging  five  good  and  substantial  reasons 
why  we  should  have  expected  it  to  be  so,  or,  as  I  before  ex- 
pressed it,  five  ohdacles  to  the  improvement  of  agriculture  in  this 
county  ;  and  2ndly,  by  proving  (which,  I  think,  I  have  done  very 
completely)  that  a*  great  deal  has  been  done  in  the  shape  of  im- 
provement ;  and,  therefore,  that  the  charge  of  bad  farming  is 
rather  more  applicable  to  our  predecessors  in  the  county,  daring  a 
generation  or  two  ago,  than  to  ourselves,  inasmuch  as  we  have  made 
great  efforts,  and  are  already  treading  upon  the  heels  of  mofe 
advanced  agriculturists. 

The  changes,  in  the  shape  of  improvement,  since  Mr.  Bailey's 
time,  I  think  to  be  these : — 

1.  A  large  extent  of  common  lands  divided,  and  a  large  por- 
tion of  them  brought  into  a  state  of  cultivation,  and  rendered 
of  very  much  increased  value. 

2.  A  large  amount  of  draining  effected  throughout  the  county, 
by  which  the  average  produce  of  all  crops  has  been  increased, 
and  turnips  and  other  green  crops  are  now  grown  where  our 
forefathers  never  grew  them. 

3.  A  great  improvement  in  the  state  of  the  farm-buildings ; 
and 

4.  An  improved  course  of  cropping  arising  out  of  the  draining, 
which  prepared  the  way  for  the  introduction  of  green  crops,  and 
made  it  possible  to  do  away  with  the  objectionable  practice  of 
taking  two  com  crops  in  succession. 

The  improvements  which  we  should  earnestly  seek  in  future 
years  may  be  said  to  be  principally  these : — 

1.  The  enfranchisement  of  all  the  Church  leasehold  property. 
I  have  received  several  letters  asking  me  to  urge  this  on  the  at- 
tention of  all  concerned ;  and,  since  writing  the  earlier  porticm 
of  this  Report,  I  have  had  a  long  conversation  on  the  subject 
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with  a  gentleman  who  farms  in  the  neighbourhood  of  Gateshead ; 
he  tells  me  that  his  farm  averages  3/.  15^.  an  acre,  the  taxes 
amoanting  to  another  1/. ;  and  that  another  farm  adjoining  to  his 
being  to  let,  be  was  asked  to  take  it,  and  offered  2Z.  an  acre,  on 
condition  that  it  should  be  drained.     ^^  No,"  replied  the  agent 

immediately,   "  Mr. never  will  drain  those  leasehold  lands.** 

Here  was  at  once  a  proof  of  the  injury  done  to  agriculture  in 
Durham  by  the  existence  of  this  property,  in  which  nobody  feels 
possessed  of  any  permanent  interest. 

The  lessee  has  no  encouragement  to  improve ;  for,  though  he 
possessed  a  lease,  he  knew  that  upon  his  expending  money  on 
the  property  he  would  (upon  the  next  renewal)  have  to  pay  over 
again  for  his  own  improvements  in  the  shape  of  an  increased 
fine,  fixed  from  the  annual  value  of  the  property  after  the  imr 
provements  are  added. 

In  the  case  just  alluded  to,  the  lands  being  near  to  a  laige  and 
rapidly-increasing  town,  could,  on  being  drained,  have  been 
easily  raised  to  the  value  of  4Z.  per  acre,  and  now  they  cannot 
be  let  for  21.  Surely  no  further  proof  is  required  of  the  great 
advantage  likely  to  accrue  from  the  enfranchisement  of  this 
property. 

2.  The  extension  of  the  draining  operations,  so  as  to  include 
not  only  the  tillage  lands,  but  all  those  held  with  them,  which  ase 
in  permanent  grass. 

3.  The  improvement  of  the  permanent  meadows  and  pastures 
cfier  draining  by  ploughing  out  large  portions  now  badly  laid 
away,  taking  care  that  a  sufficient  quantity  is  laid  down  in  lieu 
^reof. 

4.  The  extension  of  the  plan  of  Stall-feeding  Cattle. — By  this 
method  a  great  deal  more  stock  can  be  fed  on  the  farms  than  by 
pasturing.  There  is  a  quicker  turning  over  of  the  farmer's  . 
capital.  By  an  increased  stock,  and  by  the  purchase  of  linseed, 
oil-cake,  and  other  food  not  produced  on  the  farm,  the  quantity 
of  manure  as  well  as  its  quality,  is  greatly  increased ;  and  cox^ 
sequently,  the  farmer  is  able  to  bring  his  lands  into  a  richer 
state. 

All  that  is  necessary  to  accomplish  the  general  adoption  of 
this  plan  is  the  draining^  by  which  turnips  will  be  produced ;  and 
a  little  addition  to  the  farm-buildings.  From  all  the  information 
I  have  received  I  have  not  the  shadow  of  a  doubt  of  its  being 
profitable  to  the  tenant,  and  therefore  of  advantage  to  the  land- 
lord too. 

5.  The  planting  of  a  large  quantity  of  land  in  various  dis^ 
tricts. — I  should,  according  to  proper  order,  have  referred  to  this 
before :  1  left  it  until  now,  because  I  had  much  to  say  upon  it, 
but  it  should  follow,  and  I  have  no  doubt  would  follow,  imme- 
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diately  after  the  enfranchisement  of  the  leasehold  lands.  Even 
on  the  freehold  lands  there  might  be  much  planted  with  advan- 
tage. I  have  taken  some  pains  to  watch  the  effects  of  planting  in 
other  counties,  and  have  for  many  years  been  of  opinion  that  it 
was  a  great  oversight  of  the  landowners  in  Durham  to  leave  so 
much  of  the  county  in  that  naked  and  bare  condition  in  which  it 
has  so  long  stood.  I  believe  one  reason  why  more  has  not  been 
planted  is,  that  gentlemen  who  have  planted  have  thought  it  an 
expensive  and  unprofitable  undertaking.  But  there  has  been,  I 
conceive,  a  grand  mistake  committed  in  most  of  the  planting 
which  has  been  undertaken.  A  proprietor,  resolving  on  making 
some  plantations,  sets  out  some  long  narrow  belts,  requiring,  it 
may  be,  some  miles  of  fencing,  the  very  expense  of  which  is 
enough  to  sink  the  undertaking  at  once,  and  having  put  in  his 
trees,  there  he  leaves  them  to  the  care  of  Nature  and  the  weather. 
A  different  system  should  be  adopted.  We  should  set  out  with 
two  leading  principles  in  our  mind,  or,  as  I  might  say,  with  two 
important  objects  to  be  accomplished ;  1st.  That  if  extensive 
woods  were  reared  in  certain  places,  they  would  not  only  use  up 
a  quantity  of  land  which  does  not  now  pay  for  (cultivation  ;  but 
they  would,  by  the  shelter  they  afforded,  raise  the  value  of  the 
adjoining  lands  (as  some  think)  20  per  cent.  I  have  no  doubt 
that,  if  done  in  connection  with  the  draining  and  other  improve- 
ments previously  referred  to,  we  might  say,  in  certain  localities, 
from  30  to  40  per  cent.  2nd.  That,  if  properly  attended  to,  a 
crop  of  timber  is  just  as  profitable  as  all  the  crops  of  grain  or 
green  food  which  might  have  been  produced  upon  the  land  during 
all  the  years  that  the  wood  would  stand.  This  may  be  thought, 
perhaps,  a  strong  assertion,  but  I  think  facts  and  experience  will 
fully  bear  it  out ;  and  the  reason  it  has  not  been  made  more 
manifestly  apparent  is  just  the  fact  already  referred  to,  viz. :  the 
trees  are  not  looked  after  as  a  crop  worth  cultivating,  but  are  just 
left,  in  too  many  instances,  after  being  planted,  to  care  for  them- 
selves. It  is  the  fashion  in  the  county  of  Durham,  when  talking 
on  this  subject,  to  refer  to  Chopwell  woods,  situate  within  the 
county,  as  a  standing  example  or  warning  against  planting.  I 
may,  therefore,  be  allowed  to  refer  to  them,  and  indeed  the  great 
importance  of  the  subject  now  under  consideration  will  fully 
justify  a  little  more  space  before  concluding  my  Report.  The 
Chopwell  woods,  situate  in  the  Vale  of  Derwent,  are  the  property 
of  the  Crown,  and  contain  896  acres.  They  have  been  for  years 
notoriously  under  a  neglected  management.  The  trees  are  oak, 
ash,  elm,  sycamore,  beech,  birch,  and  alder.  The  land  is  a 
strong  stiff  clay  with  mixture  of  sand  veins,  and  is  full  of  water. 
These  woods  were  in  so  bad  a  state  that,  on  an  examination  made 
a  few  years  ago,  779  acres  were   recommended  to  be  wholly 
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cleared,   in  order  that  tlie  land  miglit  be  properly  drained.     The 
net  revenue  derived  from  these  woods  was  : — 

£.    8.    d. 

In  1849        75    2    3 

1850        105    4  11 

1861        237  15    9 

1852        300  15    0 

1853        687    7    0 

So  far,  then,  from  the  state  of  Chopwell  Woods  being  any  good 
argument  against  the  recommendation  I  desire  to  make,  it  gives 
us,  I  think,  an  argument  of  a  contrary  tendency ;  for  the  facts  it 
fblly  bears  out  are:  1.  That  want  of  draining  and  neglect  of 
the  trees  has  been  the  sole  cause  of  ill  success;  and  2.  That 
even  with  that  great  disadvantage  the  revenue  is  a  progressively 
increasing  one. 

In  order  to  point  out  the  advantage  of  that  system  of  planting 
which  I  recommend,  I  may  refer  to  another  locality  in  the 
county,  where  the  plan  is  being  tried.  In  Quarrington,  Coxhoe, 
Thrislington,  and  the  neighbouring  district,  there  is  a  large  pro- 
portion of  lands  worth  to  rent  2s.  6d.  an  acre.  They  are 
moderately  dry  and  would  not  require  so  much  draining  as  land 
in  some  other  parts.  An  acre  would  be  sufficiently  drained  for 
plantations  by  open  drains  at  something  like  the  following 
cost: — 

£.   8.      d. 

380.yards,  open  drains,  at  Id,  a  yard 1  11     8 

35  yards,  main  drains,  at  2d,  a  yard 0    5  10 

1  17     6 

At  Thrislington  about  100  acres  were  planted  with  larch 
several  years  ago,  the  expense  of  planting,  including  trees,  being 
50i.  per  acre.  When  the  trees  came  to  12  years  growth  Scotch 
kyloes  were  pastured  amongst  them :  they  were  found  to  do  no 
harm  to  the  trees,  and  I  am  told  it  is  remarkable  how  well  they 
fattened,  the  pasturage  was  so  good.  I  cannot  say,  however,  that 
I  would  recommend  cattle  being  put  in  so  early  as  12  years ;  at 
15  or  20  years  more  trees  will  have  been  thinned  out,  and  during 
the  last  20  years  of  the  term  of  40,  during  which  the  larch  will 
stand,  the  pasturage  will  be  easily  available^  and  undoubtedly  of 
value.  At  Thrislington  the  larch  were  planted  after  clover,  so 
that  the  ground  was  in  better  state  than  after  any  grain  crop. 
One  ordinary  ploughing  was  all  the  work  bestowed  on  the  land 
previous  to  planting  the  trees.  Larch  has  been  strongly  recom- 
mended by  m§aiy  competent  judges  as  that  species  of  tree  which 
will  thrive  best  and  grow  the  quickest  in  the  soil  and  climate  of 
our  county.  There  is  also  a  great  and  increasing  demand  for 
larch  timber  in  the  colliery  districts. 
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Let  me  now  conclude  by  giving  a  comparative  financial  state- 
ment, which,  I  think,  will  very  strongly  enforce  the  recommenda- 
tion, that  large  quantities  of  land  in  this  county  should  be 
planted. 

Prospective  Valuation  of  the  Amount  to  he  realized  by  planting  100  Acres  of 
Land  with  Larch. 

Planted  1854,  with  2,700  trees  per  acre,  or  infill  270,000. 

£.  B.  d. 
In  1864  thin  out  500  per  acre,  sold  at  a  net  profit  of 

!<?.  each 208  6  0 

In  1869  thin  out  500  per  acre,  at  a  net  profit  of  2d,  each        416  12  0 

In  1874  thin  out  500  per  acre,  at  a  net  profit  of  4c?.  each        833  4  0 

In  1879  thm  out  500  per  acre,  at  a  net  profit  of  8<i.  each     1,666  8  0 

In  1890  thin  out  250  per  acre,  at  a  net  profit  of  4s.  each      5,000  0  0 

In  1892  thin  out  250  per  acre,  at  a  net  profit  of  5s.  each      6,250  0  0 
In  1894  there  would  be  20,000  trees  left  standmg  well 

worth,  on  an  average,  deducting  expenses,  of  10s.  each   10,000  0  0 

£24,374  10    0 
Deduct — 

£.     s.    d. 
Loss  of  agricultural  rent,  100  acres  at  3s. 

per  acre,  for  40  years     600    0    0 

Expense  of  draining  and  planting  100  acres, 

at,  say  bl,  per  acre 500    0    0 

Woodkeeper's  wages,  2080  weeks  at  14s.        1456    0    0 

Expenses  of  selling  wood 118  10    0 

2,674  10    0 

Extra  profit  dej^ved  from  the   100 
acres        £21,700    0    0 

If  my  estimate  be  correct,  the  proprietor,  or  his  heir,  at  the  end 
of  40  years,  will  be  in  possession  of  no  less  than  21,7007.  more 
than  he  would  have  been  under  the  old  system ;  and  in  additioil, 
after  the  roots  are  stubbed  up,  and  the  lands  receive  a  moderate 
degree  of  good  treatment  in  the  shape  of  manure,  he  will  have 
his  100  acres  of  land  in  a  better  condition  for  agricultural  purposes 
than  it  was  when  he  commenced.* 


I  have  now  completed  my  task ;   whether  it  shall  be  successfiil 
or  not  I  cannot  tell ;  but  this  much  I  may  be  allowed  to  state, 

•  With  reference  to  the  above  estimate,  it  must  be  remembered  that,  on  ▼eiy 
poor  land,  out  of  2700  trees  per  acre,  a  large  number  vould  never  grow  to  have 
any  pecuniary  value.  I  am  informed  by  an  experienced  planter,  that  in  the 
South  of  England  trees  must  grow  very  well  for  500  to  be  taken  out  in  the  first  30 
years  worth  on  the  average  d<f .  each,  unless  the  best  were  ti^en  out ;  and  that 
where  carriage  is  expensive,  poles  of  40  years'  growth  do  not  often  fetch  more  than 
from  2s.  to  3#.  ^.  each.  Proximitv  to  railways,  to  the  sea-coast,  or  to  coal-pits, 
may  perhaps  raise  the  price  in  Durham,  but  it  must  be  remembered  that  the  umd 
here  spoken  of  is  assumed  to  be  worth  no  more  than  3«.  per  acre. — ^T.  D.  AxsuiXb, 
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with  all  respect  for  the  Royal  Agricultural  Society,  that  I  have 
heen  as  much  induced  to  undertaJce  it,  by  a  desire  to  set  the 
agriculturists  of  the  county  of  Durham  in  a  right  position  before 
their  brother  farmers  throughout  the  kingdom,  as  by  any  wish  to 
obtain  the  prize,  however  great  may  be  the  honour  of  doing  so. 
Gratitude  and  friendship  weigh  much  with  me.  My  family  ybr 
many  ffenerationg  have  been  connected  with  the  agriculture  of 
Durham  and  Northumberland.  All  that  we  have  had,  and  all 
that  we  now  possess  of  earthly  goods,  we  owe  to  it — to  the  kind 
patronage  of  the  landowners,  and  the  good-feeling  and  hearty  co- 
operation of  the  tenants.  Take  them  all  together,  there  does  not 
exist  a  more  honourable  and  liberal  body  of  proprietors,  or  a  more 
hones^  and  industrious  body  of  tenantry  than  prevails  in  those  two 
counties,  and  I  should  not  be  worthy  of  the  ability  to  take  up  a 
pen,  if  I  did  not  feel  it  at  once  a  pleasure  and  a  duty  to  use  it 
in  favour  of  these,  my  best  friends,  so  far  as  the  sacred  require- 
ments of  truth  would  allow  me. 


V. — On  the  Composition  of  the  Waters  of  Land^Drainage  and 
of  Rain.  By  J.  Thomas  Way,  Consulting  Chemist  to  the 
Society. 

1  HAVE  for  some  time  past  be^i  anxious  to  institute  an  exa- 
mination of  the  waters  of  land-drainage  with  the  view  of  ascer- 
taining whether  the  advantages  derived  were  attended  by  an  inci- 
dental loss  of  manuring  matter  carried  off  in  the  drains,  and  if 
so,  to  what  extent  this  loss  might  occur.  Such  an  examination 
would  seem  to  follow  naturally  the  inquiries  in  which  I  have 
been  heretofore  engaged,  in  respect  to  the  absorptive  properties 
of  soils  for  manure.  It  is  the  object  of  this  paper  to  commu- 
nicate such  results  as  have  up  to  this  time  been  obtained.  As 
however  an  inquiry  of  this  kind  involves  much  time  and  labour, 
the  results  now  given  must  be  considered  as  an  instalment  only, 
and  considerable  caution  will  be  needed  in  their  application.  I 
propose  to  point  out  the  general  bearing  which  they  have ;  but 
it  must  be  left  to  future  inquiry  to  settle  questions  of  detail. 

The  valuable  effects  of  land-drainage  are  well  known,  and 
have  been  repeatedly  explained  ;  they  are  partly  physical,  partly 
chemical.  The  chemical  effects,  with  which  alone  we  have 
now  to  occupy  ourselves,  are  consequent  chiefly  upon  the  free 
admission  of  air  which  follows  the  removal  of  water  previously 
filling  the  interstices  of  the  soil.  This  air,  by  virtue  of  the 
oxygen  it  contains,  gives  rise  to  the  decomposition  of  organic 
matter,  such  as  the  decaying  roots  of  plants,  &c.,  or  that  which 
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in  the  shape  of  manure  has  been  added  to  the  soil ;  the  carbokiic 
acid  so  formed,  assisted  bj  that  which  naturally  exists  in  the 
air,  gradually  breaks  down  and  decomposes  the  minerals  of  which 
the  soil  is  composed,  rendering  them  soluble  and  available  for 
vegetation.  In  a  similar  way,  of  course,  it  affects  such  mineral 
substances  as  may  be  added  in  manure.  In  this  manner,  there- 
fore, drainage  produces  a  more  abundant  supply  of  different 
substances  necessary  for  the  growth  of  plants.  But  as  the  water 
which  passes  through  soils  in  its  way  to  the  drains  would  carry 
away  with  it  everything  which,  under  such  circumstances,  it 
was  capable  of  dissolving,  and  as  in  the  absence  of  any  cause 
operating  to  prevent  it,  this  water  would  also  remove  all  the 
soluble  matters  of  manure,  it  becomes  of  great  importance  to 
ascertain  whether  there  really  are  any  preservative  causes  at  work 
to  counteract  so  very  serious  a  mischief. 

This  question  has  been,  to  a  great  extent,  answered  in  the 
affirmative,  by  the  discovery  of  the  absorptive  property  of  soils, 
which  enables  them  to  convert  into  comparatively  insoluble  com- 
pounds all,  or  nearly  all,  those  salts  which  are  valuable  as 
manure.  From  these  experiments  we  should  predicate  that 
drainage-water  would  contain  a  certain  portion  of  all  those  sub- 
stances which  are  necessary  to  vegetation,  because  some  degree 
of  solubility  is  indispensable  to  everything  which  is  to  form  the 
food  of  plants  ;  but  we  should  not  expect  to  find  them  in  such 
quantity  as  would  be  the  case  were  there  no  provision  for  their 
retention  by  the  soil  itself. 

We  shall  presently  see  how  far  these  anticipations  are  borne 
out  by  the  result  To  obtain  a  clear  notion  of  the  effect  of 
drainage  upon  the  soluble  matters  of  the  soil  we  shall  do  well  to 
consider  separately  the  following  points : — 

First,  The  quantity  of  rain  that  falls,  and  how  much  of  that 
quantity  finds  its  way  into  the  drains. 

Second,  The  composition  of  this  water. 

Third,  Where  the  substances  (if  any)  contained  in  drainage- 
water  are  derived  from ;  and. 

Fourth,  What  circumstances  are  likely  to  increase  or  diminish 
the  waste  from  such  cause. 

1st.  The  quantity  of  rain  falling  and  percolating  through  soils. — 
The  rain-fall,  as  every  one  knows,  varies  very  much  in  different 
places.  As  regards  Great  Britain,  the  quantity  of  rain  falling  in 
the  west  considerably  exceeds  that  which  has  been  observed  in 
the  east  and  centre.  Thus  I  find  the  following  stated  as  the 
average  annual  fall  of  rain,  in  inches,  in  some  of  the  western 
counties,  from  north  to  south,  of  the  kingdom  : —  * 

♦  Morton's  *  Cyclopaedia  of  Agriculture/  article  'Climate,'  page  475.  I  liav< 
omitted  fractions  in  the  quotations  above. 
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Cornwall,  38 ;  Gloucester,  30 ;  Lancashire,  34 ;  Bute,  38i  ; 
Orkney,  41.  These  numbers  would  give  us  for  the  West  of 
England,  taken  collectively,  an  average  of  something  more  than 
36i  inches  per  annum  as  the  rain-fall. 

On  the  other  hand  the  quantity  falling  in  the  eastern  and  mid- 
land counties  is  thus  given  : — Suffolk  23 J,  Middlesex  25,  Notting- 
ham 25,  Fife  31,  Perth  24 — giving  an  average  for  these  counties 
of  25^  inches.  But  besides  these  general  distinctions  which  apply 
more  or  less  to  the  whole  of  the  two  opposite  sides  of  this  island, 
there  are  local  variations  of  every  imaginable  character  due  to 
height  above  the  sea,  the  neighbourhood  of  hills,  or  to  the  form 
which  currents  of  air  assume  at  different  places,  &c.  &c.  It  is 
notorious  to  every  one  that  the  quantity  of  rain  which  falls,  and 
the  way  in  which  it  is  distributed — whether  in  large  quantity  at 
distant  intervals,  or  in  continually  recurring  showers — are  dif- 
ferent in  almost  every  different  locality.  The  period  of  the  year 
has  also  an  influence  on  the  quantity  of  rain  that  falls ;  it  is 
generally  greatest  in  the  autumn  and  least  in  the  spring.  But 
although,  no  doubt,  all  these  circumstances  would  have  to  be 
taken  into  account,  if  we  were  attempting  a  very  accurate  estimate 
of  the  result  of  drainage,  they  need  hardly  trouble  us  here,  since 
some  general  and  wide  deductions  are  all  that  we  are  at  liberty 
to  form  from  the  data  at  our  disposal.  I  shall  assume  for  the 
sake  of  ailment  a  rain-fall  of  25  inches,  both  because  it  is  a 
convenient  number  and  because  it  fairly  represents  the  quantity 
observed  in  the  districts  from  which  my  principal  samples  of 
drainage- water  were  collected. 

By  calculation  we  find  that  25  inches  of  rain  over  an  acre  of 
land  is  equal  to  567,168  gallons,  or  about  2532  tons  a  year — a 
quantity  which  is  enormous,  but  which  must  be  increased  by 
nearly  one-half  for  the  western  counties  and  to  a  still  greater 
extent  for  Ireland. 

Let  us  now  see  what  proportion  of  this  amount  finds  its  way 
into  the  drains  under  ordinary  circumstances.  There  have  been, 
no  doubt,  direct  observations  of  the  quantity  of  water  running  in 
the  drains  of  a  given  area  of  land,  and  1  have  found  some  of 
these  mentioned  in  different  books.  If  you  could  do  it,  there  is 
no  question  that  the  surest  way  of  getting  at  this  result  would  be 
to  gauge  the  drainage-water  escaping  from  a  certain  number  of 
acres  of  land  at  the  same  time  that  you  ascertained  by  the 
ordinary  rain-gauge  the  quantity  of  rain  falling.  But  such  a 
method  seems  open  to  much  doubt  from  the  uncertainty  as  to 
whether  in  some  cases  part  of  the  water  may  not  escape  by  other 
means  than  the  drains,  or,  on  the  other  hand,  its  quantity  be  in- 
creased by  soakage  from  external  sources.  It  appears  to  me  that 
the  best  mode  of  forming  an  estimate  on  this  subject,  is  that 
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which  was  adopted  by  Mr.  Parkes,*  founded  on  the  observations 
of  Mr.  Dickinson,  the  eminent  paper-maker.  That  gentleman 
had  for  many  years  kept  registers  of  the  ordinary  and  Dalton 
rain-gauge.  The  object  of  the  last  named  instrument  is  to  ascer- 
tain the  quantity  of  rain  which  penetrates  the  soil  to  a  given 
depth.  Now  it  must  be  remembered  that  although  all  the  rain 
that  falls  must  necessarily  be  disposed  of  somewhere,  there  is 
another  influence  besides  filtration  at  work,  and  that  is  evapora- 
tion. In  the  hot  seasons  of  the  year  a  great  deal  of  water  is  thus 
thrown  back  into  the  air,  and  this  is  especially  the  case  where, 
as  in  ordinary  agriculture,  the  land  is  covered  with  plants,  which 
taking  up  the  moisture  of  the  soil  by  their  roots,  exhale  it  by 
their  leaves,  and  thus  most  materially  increase  the  ordinary 
evaporation  from  the  soil.f 

The  Dalton  rain-gauge  consists  of  a  metallic  vessel  of  about  3 
feet  deep,  sunk  into  the  ground,  level  with  the  surrounding  earth, 
but  furnished  with  a  rim  to  prevent  the  passage  into  it  of  any 
water  except  that  which  absolutely  falls  upon  its  surface.  It  is 
made — like  other  rain-gauges— -of  a  given  superficial  area,  but 
the  chief  peculiarity  in  it  is,  that  it  is  filled  with  earth,  so  as  to 
represent  the  soil  with  which  it  is  desired  to  compare  the  results. 
In  the  case  now  alluded  to,  the  soil  in  the  gauge  was  covered 
during  the  whole  period  with  grass. 

An  arrangement  is  made  by  which  the  water  which  penetrates 
to  the  bottom  of  the  earth — a  distance  of  3  feet — is  measured  at 
stated  periods,  as  in  the  ordinary  gauge.  Now  as  evaporation 
from  the  surface  will  dispose  of  some  portion  of  the  water  which 
falls  in  rain,  it  is  obvious  that  the  quantity  which  penetrates  to 
the  bottom  of  the  Dalton  gauge  would  be  less  than  that  collected 
in  an  ordinary  gauge.  In  fact  the  results  of  this  gauge  are  the 
measure  of  the  quantity  which,  in  a  similar  soil  drained  to  the 
same  depth,  would  be  disposed  of  by  the  drains.  We  have  but 
to  compare  the  indications  of  the  two  gauges  for  any  given  period, 
to  know  at  once  how  much  of  ihe  rain-fall  is  thrown  into  the 
air  by  evaporation,  and  how  much  runs  off  by  the  drains.  The 
use  made  by  Mr.  Dickinson  of  this  register  was  in  no  way  cob^ 
jiected  with  agriculture,  but  the  results  are  precisely  such  as  we 
should  desire  to  possess  in  dealing  with  the  question  in  hand. 

In  a  Table,  which  I  here  take  the  liberty  to  reprint,  Mr.  Parkes 
gives  ^he  quantity  of  rain  and  percolation  in  each  year  of  a  series 
of  8  years,  aS  ascertained  in  Mr.  Dickinson's  gauges.  In  the 
5th  column  the  quantities  are  given  in  tons  per  acre  : — 

♦  See  his  *  Essays  on  the  Philosophy  and  Art  of  Land  Drainage  ;*  Joomal  of 
the  Royal  Agricultural  Society  of  Eogland,  Vol.  V.,  Part  I. 

t  Messrs.  Lawes  and  Gilbert,  who  have  made  some  experiments  on  this  subject, 
found  that  the  Quantity  of  water  thus  exhaled  from  a  given  space  of  ground  is 
very  large  indeed,  amounting  to  more  than  100  times  the  weight  of  the  crop  at  the 
time  of  maturity. 
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Table  I. — Bain-fall,  Evaporation,  and  Filtration  in  each  of  8  years  (Parkes). 


YearK 

Rain. 

Filtration. 

Evaporation. 

Rain  per  Acre. 

- 

Inches. 

Percent 

Percent. 

Tons.  ^ 

1836 

31-0 

56  9 

43- 1 

3139 

1837 

21-10 

32-9 

67-1 

2137 

1838 

23-13 

37-0 

63-0 

2342 

1839 

31-28 

47-6 

52-4 

3168 

1840 

21-44 

38:2 

61-8 

2171 

1841 

32-10 

44-2 

55-8 

3251 

1842 

26-43 

44-4 

55-6 

2676 

1843 

26-47 

36-0 

64-0 

2680 

Mean      .. 

26-61 

42-4 

57-6 

2695 

It  will  be  seen  that  of  the  whole  water  falling  in  rain,  42*4 
per  cent.,  or,  in  round  numbers,  2-5ths  passes  through  to  the 
drains.  This  number  is  the  average  of  8  years,  which  vary 
within  rather  wide  limits,  being  in  one  case  as  low  as  33,  in 
another  as  high  as  57. 

At  first  sight  it  does  not  appear  why  this  should  be  the  case, 
but  a  little  consideration  makes  it  evident.  In  heavy  rains, 
and  when  the  soil  is  already  saturated  with  moisture,  all  the 
water  which  falls,  if  it  does  not  flow  over  the  surface,  will  find 
its  way  into  the  drains,  there  being,  at  such  times,  little  oppor- 
tunity for  evaporation.  When,  however,  the  rains  are  frequent, 
and  comparatively  light,  with  intervals  of  warm  sunshine,  the 
quantity  of  water  which  would  suffice  to  saturate  the  land  is 
carried  off"  by  evaporation  before  the  next  shower,  and  none  at  all 
reaches  the  drains.  Thus,  as  each  year  has  its  own  peculiar  distribu- 
tion of  heat  and  sunshine,  so  it  will  be  with  regard  to  percolation. 

This  is  well  shown  by  the  following  Table,  taken  from  Mr, 
Parkes's  Essay  before  quoted.  * 

Table  II. — Mean  Rain-fall,  Evaporation,  and  Filtration  and  Evaporation  in 
each  month  (8  years). — (Parkes.) 


Rain. 

FlltraUon. 

Evaporation. 

Flltration- 

EvapontioD. 

January 

February 

March 

mS'  ::  ::  :: 

Jane      

July       

August 

September     ..      .. 

October 

November     .. 
December      ..      .. 

Inches. 
1'847 
1-971 
1-617 
1-456 
1-856 
2-213 
2-287 
2 '427 
2*639 
2-823 
3-837 
1-641 

Inches. 
1-307 
1-547 
1-077 
0-306 
0-108 
0-039 
0-042 
0-036 
0*369 
1-400 
3-258 
1-805 

Inches. 
0-540 
0-424 
0-540 
1-150 
1-748 
2*174 
2-245 
2-391 
2*270 
1-423 
0-579 
0*164 

Pfcrcent. 

70-7 

78-4 

66-6 

21-0 

5-8 

1-7 

1-8 

1-4 

13-9 

49-5 

84-9 

100-0 

Ptercent. 
29-3 
21-6 
33-4 
79-0 
94-2 
98-3 
98- a 
98-6 
86-1  ; 
50-5 
15-1 
00-0 

Mean  of  eight  years 

26-614 

11-294 

15-320 

42-4 

57-6 
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In  the  4th  and  5th  columns  we  have  the  percentage  of  filtration 
and  evaporation  in  the  diflFerent  months  of  the  year,  and  we  find 
that  in  the  three  first  and  three  last  months  in  the  year,  the  water 
which  is  disposed  of  by  filtration,  greatly  exceeds  that  which 
escapes  by  evaporation  ;  whilst  in  the  summer  months,  if  we  may 
so  call  the  six  intermediate  ones,  the  quantity  of  drainage-water 
is  reduced  to  a  very  low  point,  and  in  those  of  May,  June,  July, 
and  August,  it  is  practically  insignificant.  Nor  must  this  be 
thought  foreign  to  our  subject,  for,  inasmuch  as  the  decomposi- 
tions which  occur  in  the  soil,  are,  in  a  great  degree,  modified  by 
the  temperature  and  the  degree  of  moisture ;  and  as  these  are 
concerned  in  the  liberation  of  elements  of  vegetation,  which 
might  be  supposed  to  be  removed  by  drainage,  it  is  impor- 
tant to  bear  in  mind  that  the  fiow  of  water  through  a  soil  is 
not  uniform  in  the  different  months  of  the  year,  but  is  in  fact 
very  much  greater  at  those  seasons  when  the  activity  of  vege- 
tation and  of  decomposition  in  the  soil  is  in  great  measure 
suspended. 

For  our  present  purposes  we  shall,  therefore,  assume  that  42*4 
per  cent,  of  all  the  water  falling  from  the  heavens  filtrates 
through  the  soil.  It  is  obvious,  that  if  we  know  the  rain- 
fall of  any  locality  in  inches,  it  is  easy  to  calculate  approxi- 
mately the  number  of  gallons  of  water  which,  in  the  course 
of  twelve  months,  will  drain  from  an  acre  of  land.  I  say  ap- 
proximately, because  it  has  already  been  seen  that  it  is  by 
the  distribution  of  the  rain-fall,  rather  than  the  quantity 
which  falls,  that  the  amount  of  drainage-water  is  regulated. 
It  is  well  indeed  that  we  should,  once  for  all,  observe,  that 
however  elaborately  an  examination  of  this  question  of  the 
composition  of  drainage-water  might  be  carried  out,  the  results 
at  the  very  best  can  only  be  general.  It  is  practically  impossible 
that  any  collection  of  specimens  should  furnish  the  data  for  a 
rigid  determination  of  the  truth.  We  cannot  collect  the  whole 
drainage  of  the  year  of  any  considerable  portion  of  land,  and  as 
we  know  from  reasoning  that  its  composition  must  be  continually 
varying,  samples  taken  from  time  to  time,  however  frequently, 
cannot  by  possibility  be  supposed  to  represent  the  whole  year.* 


*  It  would  be  indeed  possible,  at  a  considerable  expense,  to  accomplish  this 
object.  A  given  area  of  sur&ce-soil,  lying  on  an  ascertained  clay-bottom,  might 
be  isolated,  by  means  of  a  puddled  dyke,  from  the  remaindei  of  the  field,  with 
which,  in  other  respects,  it  would  altogether  accord.  A  tank,  sufScient  to  hold 
the  drainage  of  the  interval  of  time  elapsing  between  the  collection  of  the  samples, 
might  be  constructed  in  such  a  way  that  the  quantities  might  be  accurately  mea- 
sured. It  is  obvious  that  in  this  way,  by  taking  from  time  to  time  samples  for 
analysis,  we  might  ascertain,  with  tolerable  accuracy,  the  total  quantity  of  various 
substances  removed  from  a  given  area  of  land  within  the  twelvemonth.  The 
same  object  might  be  accomplished,  though  perhaps  less  satisfactorily,  by  mean» 
of  a  large  Dalton  gauge. 
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Reverting  now  to  our  previous  calculations,  we  find  that  on 
the  supposition  of  a  rain-fall  of  25  inches  (which  we  have  found 
to  be  equal  to  567,168  gallons,  or  2532  tons),  and  further 
granting  that  the  average  annual  filtration  is  equal  to  42*4  per 
cent  of  the  whole,  we  shall  have  a  quantity  of  240,479  gallons, 
or  about  1073J^  tons  passing  into  the  drains. 

Such  being  the  quantity  of  water  which  probably  represents 
the  minimum  running  away  in  any  one  year  by  drainage,  we  have 
now  to  consider — 

2nd.  The  Composition  of  this  water, — Analyses  of  drainage 
waters  more  or  less  complete  have  from  time  to  time  no  doubt 
been  made  by  diflFerent  chemists ;  hardly,  however,  it  would  seem 
with  the  objects  which  we  have  at  present  in  view.*  The  only 
recorded  instance  which  I  have  been  able  to  find  is  that  of  an 
analysis  by  Mr.  John  Wilson,  now  professor  of  agriculture  in  the 
university  of  Edinburgh. 

In  the  autumn  of  last  year,  through  the  kindness  of  Mr.  Dyke 
Acland,  Mr.  Wren  Hoskyns,  and  Mr.  Paine  of  Farnham,  I  ob- 
tained samples  of  drainage  water  from  their  different  localities.! 
It  will  no  doubt  be  supposed  that  in  commencing  an  inquiry  of 
this  kind  one  would  naturally  make  a  selection  of  different  soils ; 
of  the  same  soils  under  different  treatment  as  to  manures,  &c. ;  of 
different  depths  of  drainage  and  varying  climate.  My  answer  is, 
that  to  accomplish  such  an  extensive  plan  as  this — although 
indeed  it  may  ultimately  be  very  desirable — would,  not  to  speak 
of  difficnlty  and  expense,  require  years  rather  than  months,  and 
that  a  preliminary  inquiry,  such  as  I  have  now  the  pleasure  of 
placing  before  the  readers  of  this  Journal,  far  from  tending  to 
mislead,  will  clear  off  many  of  the  uncertainties  of  the  question, 
and  leave  the  points  of  future  research  far  less  numerous  and 
obscure.  For  the  reason  that  the  waters  were  collected  under 
his  own  eye,  that  his  agricultural  operations  are  most  carefully 
recorded,  and  that  his  land  is  farmed  very  highly,  and  would  cer- 
tainly afford  a  maximum  of  effects  as  referable  to  drainage,  I 
have  employed  the  time  at  my  disposal  to  make  a  more  perfect 
examination  of  the  waters  collected  by  Mr.  Paine  than  of  any 
others  ;  which  latter,  however,  I  shall  have  occasion  to  recur  to 
at  another  opportunity. 

Before  giving  the  results  of  these  analyses,  I  would  state,  for  the 
information  of  the  general  reader,  that  the  analysis  of  samples  of 

*  I  have,  on  several  former  occasions,  examined  the  waters  of  land-drainage, 
with  the  view  of  ascertaining  whether,  in  the  particular  instances,  they  were  fit 
for  domestic  use,  for  which  they  are  frequently  employed. 

t  Several  other  gentlemen,  amongst  whom  I  may  mention  Mr.  Bailey  Denton, 
Mr.  Girdwood,  and  Mr.  Scott,  were  good  enough  to  furnish  me  with  samples^ 
vhich  as  yet  I  have  not  had  time  or  opportunity  to  examine. 

VOL.  xvir.  K 
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water  is  mucli  more  difficult  than  that  of  minerals  or  o&er  solid 
substances,  for  the  reason  that  whereas  in  the  latter  the  chemist 
will  probably  be  able  to  have  at  hand  any  moderate  quantity  to 
operate  upon,  in  the  former  he  will  probably  find  not  more  than 
30  or  40  grains  of  solid  ingredients  in  each  gallon  of  Uqnid ;  and 
as  it  is  upon  these  ingredients  that  the  examination  is  really  made, 
there  is  practically  a  limit  easily  reached  to  the  quantity  of 
matter  which  can  be  brought  under  analysis.  Now,  when  it  is 
further  considered  that  the  analysis  will  be  made  pi^^bably  upon 
a  gallon  of  water,  and  that  as  nearly  a  quarter  of  a  million  gal- 
lons run  through  the  soil  in  the  course  of  the  year,  it  will  be 
seen  how  great  an  error  may  be  introduced  into  any  calculations 
which  are  founded  on  an  imperfect  analysis. 

One  grain  of  any  particular  substance  in  a  gaUon  of  water  will 
in  fact  amount  on  the  whole  drainage  of  an  acre  of  land  in,  the 
year  to  240,000  grains,  or  about  34i  lbs. 

Still  more  does  this  remark  apply  to  such  substances  as  are, 
when  even  in  consideraUe  quantity,  difficult  of  precise  deter- 
mination, as  nitric  acid  and  ammcmia;  and  to  jtscertaintiie  quan- 
tity of  which,  in  very  minute  proportion,  is  almost  beyond  the 
present  skill  of  the  chemist  When  the  samples  of  dninage 
water  reached  me  I  soon  found  that  they  contained  nitric  arid, 
although  sometimes  in  small  quantity  only.  For  the  estimation 
of  this  substance,  in  minute  proportion,  there  was  absolutely  no 
existing  process ;  and  as  it  was  obvious,  from  die  begizming,  that 
a  great  deal  of  the  interest  of  the  subject  would  be  dependent 
upon  the  compounds  of  nitrogen,  which  are  so  very  important  to 
vegetation,  it  became  indispensable  that  some  method  should  be 
discovered,  by  which  the  small  quantities  of  nitric  acid  in  the 
drainage  waters  might  be  accurately  determined.  To  this  ques* 
tion  I  accordingly  addressed  myself,  and  in  concert  with  my  prin- 
cipal assistant  (Mr.  E.  O.  Browne)  succeeded,  though  only  after 
iminterrupted  attempts  for  several  months,  in  devising  a  piooess 
by  which  very  minute  quantities  of  nitric  acid  can  be  most  accu- 
rately ascertained.  I  have  given  a  full  account  of  this  i&ethod  vl 
an  Appendix  to  the  present  paper,  but  I  call  attention  to  the  sub- 
ject especially  here,  because  it  is  well  that  agriculturists  sbomld 
remember  that  the  applications  of  a  science  are  bound  up  inti- 
mately with  the  progress  of  that  science  itself ;  and  that  often  it 
becomes  impossible  to  make  a  step  in  advance,  which  a  superficial 
observer  might  think  easy  enough,  simply  because  that  step  pre- 
supposes a  state  of  knowledge  or  power  in  science  which  does 
not  presently  exist  Thus  in  this  case  the  acquisition  of  satis- 
factory knowledge,  with  respect  to  the  composition  of  draim^ 
waters  for  the  purpose  of  agriculture,  involved  the  necessity  of  a 
new  process  of  chemical  analysis ;  and  whatever  the  time 
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trouble  required,  notliiiig  short  of  the  accomplishment  of  this 
object  would  have  been  of  any  avail.* 

I  proceed  now  to  give  the  analyses  of  samples  received  from 
Mr.  Paine ;  thej  were  collected  on  the  26th  md  27th  of  Decem- 
ber in  last  year  (1855)  at  Famham  in  Surrey. 

The  following  is  the  description  of  the  different  samples  as 
given  me  by  Mr.  Paine.  I  place  them  together  in  order  that  the 
analyses  may  be  grouped  as  far  as  possible  in  Tables,  by  which  a 
saving  of  valuable  space  will  be  obtained. 

Mr.  Paine  says — 

*'  l%e  drams  had  been  quiet  for  a  very  long  period,  and  in  most  cases  yoci 
btye  now  the  first  rinsings  of  the  land. 

"  The  first  six  specimens  were  collected  on  the  afternoon  of  the  26th,  when 
I  and  the  m^i  who  were  with  n>e  got  a  most  thonragh  soaking.  Nos.  7  and 
8  were  collected  on  the  afternoon  of  the  27tb,  and  then  the  drains  did  not  run 
a  tenth  port  so  f arioQsl  j  as  tiiey  did  the  day  before,  and  as  yon  will  perceive  the 
water  was  much  dearer.  In  the  first  place  I  must  observe  that  during  the 
night  of  the  24th  there  fell  half  an  inch  of  rain,  hut  ^is  had  not  much  influ- 
eooe  on  the  running  of  the  drains,  as  the  frost  was  not  oat  of  the  ground,  and 
thus  the  waiter  was  kept  on  the  surface.  Between  the  night  of  the  25th  and 
the  afternoon  of  the  26th,  upwards  of  another  half  inch  of  rain  fell,  at  times 
pouring  down  in  torrents  like  summer  thunder-showers.  The  ground  then 
became  thoroughly  saturated  with  wet,  and  the  drains  ran  quite  full,  and  the 
water  was  very  turhid.  I  ^ve  you  the  names  of  the  fields,  that  I  may 
recollect  the  water  when  I  happen  to  he  in  your  laboratory. 

^*  No.  1. — From  the  main  drain  in  Piping  Lane  Field.  This  field  was  drained 
in  1852  when  I  pmrohased  it.  The  kmd  was  then  in  the  most  impoverished 
condition.  After  draining  it  was  trenched  (as  indeed  is  the  case  in  nearly  all 
my  laad).  The  subsoil  is  gault  clay,  over  which  lies  drift  gravel,  varying 
from  one  to  five  feet  in  thickness.  In  1852  the  field  was  well  manured  for 
swedes  with  dried  blood  or  guano  and  superphosphate,  having  been  previously 
limed  at  the  rate  of  160  bu^ls  per  acre.  La  1658  the  swedes  were  led  ofif 
by  sheep,  with  oilcake  and  hay,  and  gave  a  good  crop  of  wheat.  In  1654  no 
manure  for  swedes  :  in  1854--55  with  4  cwt.  of  guano  for  wheat.  There  has 
been  no  manure  put  on  the  land  since  last  winter — ^it  is  now  under  the  process 
of  fallowing  for  swedes. 

"  No.  2. — From  a  long  single  drain  in  Manley  Bridge  South.  This  field  was 
aUo  drained  in  the  winter  of  1852-53.  It  was  then  a  wretchedly  poor  mea- 
dow, producing  scarcely  any  herbage.  The  subsoil  is  gault  clay,  but  there  is 
a  good  surface  soil  18  inches  deep.  After  draining,  it  was  trenched  and 
pbmted  with  hops.  In  1853  it  was  manured  wit^  5  cwt.  of  guano,  and  5  cwt. 
of  superphosphate  per  acre;  in  1854,  15  cwt.  of  horn  savings  and  200 


*  Since  I  have  been  enga^d  upon  this  subject,  M.  Ville  of  Paris,  who  is  well 
known  for  his  beautiful  expenments  upon  vegetation,  has  also  discovered  a  method 
adapted  to  the  same  end.  My  present  process  was  fiur  advanced  towards  the  per- 
fection which  it  has  now  reached  befoce  the  first  notioe  of  M.  Ville*s  method  was 
made  in  the  French  scientific  periodicals.  They  are  in  no  way  at  all  alike,  and 
are  based  upon  totally  different  principles.  It  serves,  however,  as  another  proof 
of  the  necessity  which  existed  on  the  subject,  and  of  the  general  ocDCurrence 
which  is  often  observed  between  different  minds,  that  two  chemists  should,  at 
mach  the  same  time,  have,  independently  and  unknown  to  each  other,  been 
engaged  successfully  in  the  Eolation  of  the  same  problem. 

K   2 
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bushels  of  lime  per  acre  ;  1855,  20  cwt.  of  rabbit  skin  waste,  and  3  cwt.  of 
guano  per  acre.     The  hops  in  this  field  grew  most  luxuriantly. 

"  No.  3. — From  a  long  single  drain  in  Holt  Forest  Hop  Ground.  This  en- 
closure was  drained  in  the  winter  of  1853-54.  It  was  previously  part  of  the 
Holt  Forest,  lying  as  a  poor  commonage  pasture,  from  which  all  the  droppings 
of  the  cattle  were  continually  picked  off.  The  subsoil  is  gault  clay,  with  very 
little  surface  mould ;  it  was  manured  in  1854  with  6  cwt.  of  guano,  and  6 
cwt.  of  superphosphate  ;  and  in  1855  with  30  cwt.  of  rags  per  acre. 

**  No.  4. — From  a  main  drain  in  Broad  Well  at  Clay  Hill.  This  field  was 
drained  about  ten  years  ago.  This  soil  is  a  dirty  gravel,  lying  upon  gault, 
and  in  most  places  the  drains  did  not  penetrate  into  the  clay.  The  last  crop 
on  this  field  was  wheat,  having  been  previously  manured  with  4  cwt.  of  guano 
per  acre  in  the  autumn  of  1854.  Prior  to  this  the  field  was. in  a  state  of  good 
cultivation ;  and  has  been  chiefly  manured  for  some  years  past  with  guano  or 
dried  blood  and  superphosphate  of  lime,  and  was  limed  at  the  rate  of  160 
bushels  per  acre  four  years  ago. 

*•  No.  5. — From  the  main  drain  in  Tanner's  Turnpike  Field,  This  wa» 
drained  and  trenched  in  1852-53.  The  subsoil  is  gault  with  an  overlayer  of 
gravel,  from  1  to  8  feet  deep.  At  the  above  period  this  field  was  in  very  poor 
condition.  It  was  manured  with  dried  blood  and  superphosphate  for  turnips 
in  1863.  The  turnips  were  fed  off  by  sheep,  receiving  oilcake,  &c.,  and  sown 
with  wheat  in  the  spring  of  1854.  It  is  now  sown  with  wheat,  having  been 
manured  with  4  cwt.  of  guano  per  acre.  The  drains  in  this  field  have  not  run 
till  now  since  this  guano  was  applied. 

"  No.  6. — From  the  main  drain  in  Marshall's  Hop  Ground.  This  was 
drained  about  fourteen  years  ago.  The  soil  is  a  rich  loam  3  to  8  feet  deep, 
resting  upon  gravel.  It  has  been  under  hop  cultivation  about  twenty-five 
years,  and  as  regards  manure,  is  in  the  richest  possible  condition,  having  re- 
ceived every  year  either  30  tons  of  good  dung,  or  30  cwt.  of  rags  or  hair,  or 
some  other  equivalent.     Last  year  it  received  40  tons  of  dung  per  acre. 

"  The  following  were  collected  on  the  27th  December : — 

"  No.  7. — From  a  main  drain  in  the  Furze  Field.  This  field  was  drained 
in  1846.  It  was  then  trenched  and  planted  with  hops.  Since  that  period  it 
has  been  abundantly  manured  every  year.  The  manure  in  1856  was  16  cwt. 
of  horn  shavings  per  acre,  and  a  good  coating  of  silicate  of  lime. 

"  No.  8. — From  the  main  drain  in  the  Inner  Field  at  Lower  House.  TJhis 
was  drained  in  the  winter  of  1854-55.  It  was  previously  coppice  or  larch 
plantation.  After  draining  it  was  planted  with  hops,  which  were  manured 
last  summer  with  6  cwt.  of  guano  per  acre. 

"  All  the  above  drains  are  from  4  to  5  feet  in  depth." 

These  different  waters  were  placed  in  three  g:alIon  jar?,  care- 
fully sealed,  and  forwarded  at  once  to  London  for  analysis. 
Some  of  them  were  turbid,  as  Mr.  Paine  observes,  but  this  was 
principally  with  clay,  although  no  doubt  some  portion  of  organic 
matter  in  suspension  may,  under  such  circumstances  as  he  de- 
scribes, be  carried  off  in  the  drainage  water.  It  must  be  dis- 
tinctly observed  that  all  the  analyses  given  in  the  paper  were 
made  after  the  samples  were  carefully  filtered  and  rendered 
perfectly  clean  and  bright.  I  have  to  do  here  with  the  sub- 
stances which  may  be  removed  from  the  land  invisibly^  and  not 
with  those  which  are  palpable  to^the  eye. 

Instances  could  certainly  be  adduced  where  drains  have  been 
known  to  run  with  water  obviously  coloured  by  manure,  but 
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these  are  the  exception,  not  the  rule  ;  and  it  was  my  object  to 
detect  the  subtle  and  insensible  loss  which  might  occur  to  land 
where  no  indications  except  those  furnished  by  chemical  analysis 
could  have  marked  its  existence. 

The  following  Table  exhibits  the  analysis  of  the  seven  first 
samples  described  by  Mr.  Paine,  so  far  as  relates  to  the  mineral 
constituents  properly  so  called.  These  are  all  the  mineral 
analyses  of  drainage-waters  that  I  have  yet  made.  The  quantity 
of  ammonia,  nitric  acid,  and  organic  matter,  will  be  stated  im- 
mediately : — 

Tadle  III. — Water  of  Land  Drainage — Mineral  Contents. 
(Grains  in  an  imperial  gallon.) 


1. 

2. 

8. 

4. 

5. 

6. 

7.    '■ 

Potash 

trace 

trace 

0*02 

0-05 

trace 

0«22 

trace 

Soda 

1«00 

2-17 

2-26 

0-87 

1-42 

1-40 

3«20 

Lime 

4-85 

7'19 

6'05 

2-26 

2-52 

5-82 

13«00 

Magnesia 

Oxide  of  Iron  and  Alumina 

0-68 

2 '32 

2*48 

0-41 

0*21 

0«93 

2-50 

0-40 

0*05 

O'lO 

none 

1-30 

0'35 

0-50 

Silica 

0-95 

0-45 

0-55 

I '20 

1-80 

0-65 

0-85 

Chlorine      

0-70 

1-10 

1-27 

0-81 

1-26 

1-21 

2*62 

Sulphuric  Acid 

1-65 

5'15 

4-40 

1-71 

1-29 

3-12 

9-51 

Phosphoric  Acid        ..      .. 

trace 

0«12 

trace 

trace 

008 

0-06 

0-12 

Upon  examining  this  Table  we  find  that  the  substances  which 
are  found  in  drainage-water  in  largest  proportion  are  lime,  mag- 
nesia, soda,  and  sulphuric  acid.  That  the  quantity  of  lime 
should  be  considerable  in  some  instances,  especially  where,  as 
in  the  district  in  question,  the  land  contains  so  much  of  it, 
should  hardly  surprise  us.  Carbonic  acid,  which  exists  in 
rain  water,  and  is  furnished  in  large  quantity  by  cultivated  soils, 
readily  dissolves  carbonate  of  lime,  and  the  great  bulk  of  the 
water  of  the  chalk  district  comes  in  this  way  to  contain  from  15 
to  20  grains  of  this  carbonate  in  the  gallon.  The  sulphuric  acid, 
which  to  a  great  extent  occurs  in  the  waters  in  the  form  of  sul- 
phate of  lime,  may  either  exist  in  the  soil  in  that  form,  or  may 
have  resulted  from  the  use  of  superphosphate,  which  always 
contains  large  quantities  of  sulphate  of  lime.  It  might  also  be 
liberated  from  the  various  substances  of  an  animal  nature,  such 
as  horns,  hoofs,  rags,  &c.,  which  Mr.  Paine  uses,  and  which  con- 
tain sulphur. 

The  quantities  of  soda  and  magnesia  are  in  some  cases  rather 
large.  They  must,  I  imagine,  have  been  derived  from  the  soil, 
for  apparently  no  portion  of  either  has  been  applied  in  manure. 
It  will  presently  appear  that,  in  all  probability,  the  presence  of 
these  substances  in  quantity  is  connected  with  that  of  nitric 
acid. 
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In  some  instances  we  find  a  good  deal  of  chlorine  (as  gobu 
salt). 

Oxide  of  iron  and  silica  are  found  in  the  waters  in  small  pro] 
tion.  They  are  not  of  much  importance  in  a  practical  point  of  v: 

But  if  we  turn  to  the  only  two  substances  which  from  t 
known  influence  as  manure,  and  their  relative  deficiency  in  a 
or  cost  when  added,  we  should  consider  of  the  first  imports 
in  this  inquiry,  namely,  phosphoric  acid  and  potash,  we  are  , 
tified  to  find  that  they  are  present  in  ^e  waters  in  remarkably  si 
quantity  only.  In  four  out  of  seven  cases  the  potash  was  so  sma 
quantity  that  it  could  not  be  estimated  ;  in  No.  6,  which  contj 
the  most,  it  is  only  present  to  the  extent  of  two-tenths  of  a  grain 
gallon.  The  same  is  true  of  the  phosphoric  acid,  which,  in  tl 
instances  out  of  seven,  could  not  be  determined  on  account  oi 
smallness  in  quantity.  No.  7,  the  extreme  case,  reaches  c 
one-tenth  of  a  grain  per  gallon.  It  must  not  be  imagined  1 
by  the  word  trace  it  is  meant  to  imply  that  there  is  no  potasl 
phosphoric  acid  to  be  found  ;  it  is  merely  to  be  understood  1 
it  IS  so  small  that  there  is  no  possibility  of  determining  k ;  a 
inasmuch  as  in  the  other  cases  the  quantity  has  been  ascertaii 
it  is  obvious  how  small  must  be  that  portion  with  which  we 
unable  to  deal. 

I  propose  presently  to  show  what  quantities  of  the  different  s 
stances  named  are  carried  off  by  the  whole  drainage  of  the  j\ 
and  it  will  then  be  seen  how  practically  unimportant  is  the 
of  phosphoric  acid  and  potash  from  this  cause. 

We  will  now  see  what  are  the  facts  in  regard  to  organic  mat 
nitric  acid,  and  ammonia. 

The  following  Table  gives  the  quantity  of  these  substat 
in  the  eight  samples  of  water  received  from  Mr.  Paine : — 

Table  IV. — Organic  Matter,  Ammonia,  and  Nitric  Acid  in  Land  Draij 
Waters,  from  Mr.  Paine. 

(Grains  in  the  imperial  gallon.) 


Number. 


Soluble 
Organic  Matter. 


Nitric  Add. 


7-00 
7-40 
12-50 
5-60 
5-70 
5*80 
7*40 
not  determined 


7-17 

14-74 

12-72 

1-95 

3-45 

8-06 

11-45 

3-91 


0-018 
0-018 
0-018 
0-012 
0-018 
0-018 
0-006 
0-018 


First,  of  the  ^^  organic  matter  "  contained  in  drainage-wat 
as  exhibited  by  this  Table.     That  it  is  in  some  instances  \ 
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considerable  is  obrious ;  but  it  is  to  be  mentioned  that  this 
organic  matter  does  not  contain  any,  or  at  most  very  little, 
nitrogif n — a  fact  which  I  carefully  ascertained  in  one  or  two  in- 
stances. It  is,  therefore,  of  the 'carbonaceous  natux^,  that  is  to 
say,  resembles  woody  fibre  and  gum,  or  humus  in  a  soluble  con- 
dition. And  although  it  is  pro  tanto  a  loss  to  the  soil,  its  im- 
portance is  not  very  great.  I  am  inclined  to  think  too  that  it 
is  in  great  part  derived  from  the  roots  of  furze,  wood,  or  grass, 
whicb  must  have  been  in  the  soil  in  large  quantity  when  the 
ground  was  first  drained  and  broken  up ;  and  this  idea,  which  is 
shared  by  Mr.  Paine,  from  his  knowledge  of  the  nature  of  the 
soil,  is  further  corroborated  by  the  fact  that  the  largest  quantity 
(12i  grains  per  gallon)  is  found  in  No.  3,  the  history  of  which 
land  is  tolerably  evident  from  the  name,  "  Furze-field,"  which  it 
bears. 

Leaving  for  an  instant  the  question  of  nitric  acid,  let  us  turn 
to  the  third  column  in  Table  IV.,  which  exhibits  the  quantity  of 
ammonia.  It  will  be  found  that  the  largest  quantity  of  this  alkali 
in  any  of  these  drainage- waters  does  not  reach  y}  ^ths  of  a  grain  in 
the  gallon ;  that  this  quantity  is  remarkably  small  will  be  seen 
when  we  reflect  that  a  gallon  contains  70,000  grains ;  and  conse- 
quently the  ammonia  will  be  equal  only  to  1  part  in  3i  million 
parts  of  water.  This  circumstance  also  shows  how  accurate  and 
careful  must  be  an  analysis  which  can  afford  any  satisfactory  result 
on  such  a  subject  The  fact  is,  and  in  this  consists  the  secret 
of  the  similarity  of  the  figures  above,  that  we  are  not  able  to  say 
absolutely  what  quantity  of  ammonia  is  present  in  such  cases ; 
all  we  can  say  is,  that  it  is  more  than  so  and  so  and  less  than  so 
and  so ;  thus  the  number  0*018  in  the  column  we  know  expresses 
the  maximum  of  ammonia  in  several  of  the  samples^  but  it  may 
be  any  less  number  between  that  and  0*012,  and  in  like  manner 
with  the  others. 

I  cannot  help  feeling  considerable  satisfaction  at  a  result  which 
so  completely  bears  out  my  conclusions  with  regard  to  the  ab- 
sorptive powers  of  the  soil  for  this  alkali  (ammonia)  as  does  this 
comparative  absence  of  ammonia  from  drainage- water.  That  it 
could  not  be  entirely  absent,  I  have  long  ago  explained ;  but  it 
will  be  obvious  presently,  when  we  calculate  the  annual  loss 
occasioned  by  drainage-water,  that  at  all  events  there  is  practi- 
cally no  loss  of  ammonia  from  this  cause. 

It  becomes  necessary  now  to  revert  to  the  column  2,  in  which 
the  quantity  of  nitric  acid  is  given ;  and  here — knowing  that 
nitric  acid  is  a  compound  containing  nitrogen,  that  all-important 
element  of  vegetation — and  considering  how  very  great  in  some 
cases,  in  the  Table,  the  quantities  of  nitric  acid  are — we  might 
he  seriously  impressed  with  the  significance  of  the  fact,  were  it 
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not  that  we  know  that  these  waters  are  extreme  instances,  and 
that  in  all  probability  such  a  loss  rarely  if  ever  occurs  in  ordi- 
nary farming.  Instances  will  very  shortly  be  adduced  i in  con- 
firmation of  this  fact ;  and  in  'the  meanwhile  it  is  to  be  borne  in 
mind,  that  Mr.  Faine  is  in  the  habit  of  using  on  his  land  large 
quantities  of  such  substances  as  hair,  horn-shavings,  woollen  rags, 
&c.,  to  which  in  all  probability  this  large  quantity  of  nitric  acid 
is  to  be  referred. 

As  far  as  our  present  knowledge  goes,  we  must  view  the 
nitrogen  of  nitric  acid  (nitrates)  in  the  same  light  as  to  agricul- 
tural value  as  that  of  ammonia.  All  recent  experiments — 
amongst  others,  those  of  the  late  Mr.  Pusey — seem  to  point  to 
this  conclusion.  Indeed  the  French  chemists  are  going  further, 
several  of  them  now  advocating  the  view,  that  it  is  in  the  form 
of  nitric  acid  that  plants  make  use  of  compounds  of  nitrogen. 
With  this  view  I  myself  do  not  at  present  coincide ;  and  it  is 
sufficient  here  to  admit,  that  nitric  acid  in  the  form  of  nitrates 
has  at  least  a  very  high  value  as  a  manure.  What  then  must  we 
think  of  drains  running  gorged  with  water,  every  gallon  of  which 
contains  as  much  as  12  or  14  grains  of  nitric  acid  ? 

Fifty-four  parts  of  nitric  acid  contain  the  same  quantity  of 
nitrogen  as  17  parts  of  ammonia,  or,  in  round  numbers,  3  parts 
of  this  acid  represent  1  part  of  ammonia.  Consequently,  in  the 
samples  Nos.  2,  3,  and  7,  we  have  a  value  equal  to  4  grains  of 
ammonia  or  about  24  grains  of  guano  in  each  gallon  of  water. 

Before  proceeding  further  in  this  calculation,  it  will  perhaps 
be  well  to  take  other  instances,  which  will  serve  materially  to 
modify  the  feeling  of  alarm  which  such  a  state  of  things  is  likely 
to  create.  The  samples  sent  to  me  by  Mr.  Acland  were  a  series 
of  twelve,  judiciously  selected ;  of  these  I  have  only  as  yet  been 
able  to  examine  six  or  seven,  and  those  only  for  nitric  acid  and 
ammonia ;  indeed,  as  Mr.  Paine's  samples  represent  land  of  the 
highest  degree  of  fertility,  and  excessively  manured,  we  may 
almost  consider  it  as  a  settled  point  that  no  practical  loss  of 
phosphoric  acid  or  potash,  the  most  important  mineral  substances, 
occurs  in  drainage,  and  that  further  analyses  for  such  substances 
are  unnecessary,  unless  it  be  to  ascertain  whether  any  deviation 
from  this  rule  oQpurs  either  in  the  case  of  shallow  drains  or  poor 
sandy  soil. 

The  samples  from  Mr.  Acland  as  yet  examined  are  thus  de- 
scribed : — 

"  No.  1. — Poor  clay  tillage  field.  (Hatchclose  on'  Newland.) — Drained 
about  six  years  since.  Summer  before  this  young  gi*ass  dressed  with  dung ; 
fallowed  for  turnips ;  present  crop  now  in  ground  manured  with  dung  and 
li  cwt.  of  superphosphate,  also  with  guano  and  wood  ashes ;  drained  with  2 
inch  pipes,  about  3  feet  deep ;  water  continually  running  for  last  three  weeks.** 
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This  sample  contained  in  the  imperial  gallon,  in  grains — 

Nitric  acid         4*78 

Ammonia 0*003 

**  No.  1,  B. — ^Poor  clay  tillage  field.  (Gratton  on  Newland.) — No  manure 
last  year ;  wheat  about  7  bushels  per  acre  this  year,  being  very  poor  naked 
fallow,  drained  with  2  inch  pipes  3  feet  deep  ;  continually  running  for  last 
three  weeks." 

This  sample  contained — 

Nitric  acid 2*99  )  .    .i    •  n 

Ammonia     a  trace  }  "^  *^^  ^'"P- S^^^- 

"  No.  2,  A. — Shelving  pasture  on  Newland.  (Clay.) — No  manure ;  not 
watered  ;  drained  last  year  with  2  inch  pipes  3  feet  deep,  continually  running 
ever  since." 

Nitric  acid        0*628  'i  ..in 

Ammonia         ^.^^^  )  ^.  m  ihQ  gzW. 

"  No.  2,  B. — Clay  water  meadow.  (Sprydon.) — ^Well  watered  every  day 
with  wash  from  a  dwelling-house." 

Nitric  acid         0*12 

Ammonia 0*012 

"  No.  3,  A. — Pasture  sandy  soil.  (Mr.  Joe  Salters,  Ham.)— No  manure  ; 
drained  with  3  inch  pipe  4  feet  deep  last  year ;  water  not  stopped  running." 

Nitric  acid         0*485  per  gall. 

Ammonia trace. 

Another  sample  from  Mr.  Acland  (No.  5  A)  contained  1*97 
grains  of  nitric  acid  in  the  gallon.  Four  samples  of  water  from 
Mr.  Wren  Hoskyns  were  analyzed  for  nitric  acid — unfortunately 
having  been  sent  to  the  railway  on  a  very  wet  day,  the  labels 
were  obliterated,  and  there  were  no  means  of  distinguishing  the 
samples  from  each  other.  These  samples  gave  respectively  of 
nitric  acid  in  the  gallon  4*63,  4*40,  I'lO,  and  1*17  grains.  The 
following  is  Mr.  Hoskyns'  description  of  these  samples. 

No.  1.  "The  Twelve-Acres."— A  strong  soil  on  clay  bottom,  very  flat. 
Dndned  (3i  feet  deep)  in  1851.  Ridges  lowered  after  drainage.  A  two-years' 
clover-ley  broken  up  for  wheat  in  November  last.  2  cwts.  of  guano  and  an 
equal  bulk  of  salt,  to  the  acre,  applied  after  the  drill.  It  had  been  sheeped 
all  the  summer,  but  not  dunged  from  the  fold. 

No.  2.  "  The  Croft." — ^A  rather  thin-soiled  field  of  medium  texture ;  drained 
3  feet  deep  in  1845.  Turnip-fallow  after  wheat ;  limed  15  qrs.  to  the  acre 
and  dunged  from  the  fold-yard.  Superphosphate  drilled  with  the  turnip-seed, 
CD  the  ridge. 

No.  3.  **  Lower  Brick-Kiln  Close." — A  moderately  stiff  soil,  furrow-drained 
3  feet  deep  in  1844.  A  wheatrstubble  autunm-ploughed  for  beans.  The 
wheat  had  been  dressed  with  2  cwt.  of  guano,  half  at  sowing-time  and  half 
top-dressed  in  spring. 

No.  4.  "  Black  Piece." — A  peaty  soil  on  gravelly  and  sandy  clay  subsoil ; 
drained  30  inches  deep  in  1843.    A  clover-ley  after  wheat ;  not  manured. 

The  drainage-water  was  taken  from  the  four  fields  on  the  same  day,  the 
2l8t  of  January  last,  after  and  during  very  rainy  weather. 
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It  ifl  pretty  plain  whicli  were  the  samples,  from  maaoied  land.* 

We  have  now  before  us  the  determinations  of  ammonia  in 
some  12  or  14  samples  of  drainage  water,  and  that  of  nitric  acid 
in  a  considerably  large  number,  and  we  may  fairly  come  to  some 
conclusion  on  the  subject.  With  regard  to  the  former,  there  can 
be  no  manner  of  doubt — from  soils  rich  or  poor,  mASured  or  not 
manured,  it  is  all  the  same,  the  quantity  of  ammonia  in  no  case 
exceeds  yf  vths  of  a  grain  in  the  gallon.  I  regard  this  as  conclu- 
sive, and  believe  that  unless  in  very  exceptional  cases,  and. where 
the  manure  visibly  runs  into  the  drains — probably  through  cracks 
in  the  soil — we  shall  not  find  ammonia  in  quantity  in  the  waters 
of  drains. 

With  nitric  acid  the  case  is  different.  In  the  instances  before 
us  we  have  it  in  all  sorts  of  quantities — from  14 J  frrains  in  Mr. 
Paine's  sample  No.  2  to  i^i^oths  of  a  grain  in  Mr.  Acland's 
sample  2  B.  The  presence  of  nitric  acid  in  some  proportion  in 
drainage  water  would  seem  to  lae  universal,  for  of  nearly  20 
samples  examined  not  one  is  free  from  it  But  we  may  well  ask 
at  what  point  are  we  to  fix  the  natural  or  ordinary  quantity  of 
this  substance  carried  off  in  drainage  water.  To  that  question  I 
am  as  yet  not  prepared  to  offer  an  answer.  I  have  said  before 
that  this  must  be  considered  in  the  light  of  a  preliminary  inquiry 
— settling  some  matters  and  leaving  others  open  for  further  inves- 
tigation. Amongst  these  latter  the  principal  are  the  variations 
from  time  to  time  throughout  the  year  ami  the  manures  which 
more  or  less  give  rise  to  nitric  acid. 

Attention  was  called  just  now  to  the  variation  in  the  Tpiantity 
of  soda  and  magnesia  in  Mr.  Paine's  samples,  and  it  was  sn^^nested 
that  they  would  be  found  in  all  probability  to  be  connected  with 
the  proportion  of  nitric  acid.  In  effect  if  we  examine  the  TaMes 
we  shall  find  that  such  is  the  case — wherever  the  proportion  of 
nitric  acid  is  large,  there  also  the  proportion  of  soda  and  mag- 
nesia is  large — the  converse  being  also  observed.  The  remark 
applies  perhaps  more  truly  to  magnesia  than  to  soda,  which 
latter  alkali  is  dependent  to  a  great  extent  on  the  quantity  of 
chlorine  present,  in  combination  with  which  it  occurs  as  common 
salt. 

The  connection  of  nitric  acid  with  alkalies  or  earths  in  drain- 
age water  is  simple  enough — if  a  substance  containing  nitrogen 
undergoes  oxidation  in  the  soil  with  the  production  of  nitric  acid, 
this  latter  cannot  be  supposed  to  pass  through  the  soil  to  the 
drains  without  neutraliseation — ^it  therefore  unites  with  lime,  mag* 

*  As  the  wheat  crop  of  last  year  had  probably  taken  np  the  gxumo  dressb^  in 
No.  3,  and  the  field  was  not  manured  before  the  antomn  plongiung,  I  have  httle 
doubt  that  the  order  in  which  I  have  numbered  the  fields  eorreiponds  with  that 
in  which  Professor  Waj  has  given  the  figorea  stadng^  the  rQniU8.--<X  W.  H. 
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netiBy  soda,  or  some  other  base,  and  we  find  it  in  combinatioQ 
with  these  in  the  drainage  water. 

The  prodaction  of  nitric  acid  and  its  removal  hy  drainage 
water  maj  be  considered  as  a  double  evil,  inasmuch  as  it  neces- 
sarily carries  with  it  some  one  or  other  of  the  alkaline  bodies. 
In  the  absence  of  those  more  coramoB  and  to  vegetation  less  im- 
portant alkalies,  lime  and  soda,  this  nitric  acid  would  be  the 
means  of  carrying  off  from  the  soil  a  portion,  and  perhaps  consi- 
derable portion  of  its  potash  or  even  its  ammonia;  but  in  all 
probability  such  a  result  would  be  of  rare  occurrence.* 

I  have  alladed  to  the  importance  of  ascertaining  by  examine^ 
tion  made  at  different  seasons  to  what  extent  this  removal  of 
nitric  acid  from  the  soil  was  constant  or  at  all  to  be  compared 
with  that  which  a  sample  taken  at  any  one  time  might  lead  us  to 
suppose.  We  are  not  altogether  without  information  on  this 
subject. 

Mr.  Panic's  sample,  No.  7,  taken  on  the  27th  December,  con- 
tained 11*45  grains  of  nitric  acid  in  the  gallon.  On  the  4th 
April  of  the  present  year,  or  rather  more  than  three  months  after- 
wards, when  the  drains,  having  never  ceased,  were  still  running, 
although  of  course  in  diminished  quantity,  the  water  was  found 
to  contain  7*57  grains  of  nitric  acid  in  the  gallon.f  It  is  evident, 
therefore,  that  the  quantity  of  nitric  acid  removed  from  the  soil 
by  drainage  was  decreasing.  But  we  have  already  seen  (Table 
I.)  that  in  the  month  of  April  the  proportion  of  water  filtrated 
through  the  soil  begins  to  diminish,  whilst  in  the  next  month  it 
is  reduced  to  about  5  per  cent  of  the  whole,  and  in  the  next 
month  to  somewhat  less  than  2  per  cent.  We  may  fairly  conclude, 
therefore,  from  the  composition  of  the  drainage  water  at  these 
two  periods  (the  latter  end  of  December  and  the  commencement 

*  I  cannot  help  regarding  these  analyses  of  draina^-water  as  a  strong  con- 
firmation of  the  general  truth  of  my  previous  results  with  regard  to  the  chemical 
phenomena  of  a^orption  in  the  soil,  not  only  for  ammonia,  but  in  gradation  for 
oeh  base  in  the  soil.  In  a  supplement  to  his  '  Principles  of  Agriculture/ 
Professor  Liefasff  takes  occasion  to  review  the  facts  developed  by  my  experiments 
on  the  '  absorptive  power  of  soils/  which  facts  he  proposes  to  show,  at  once,  were 
wen  known,  and  have  no  foundation  in  truth.  My  experiments  on  double  silicates 
ire  characterised  as  "  theatre  decorations/'  and  such  information  is  called  ^ving 
"a  stone  where  bread  is  asked  for'*  by  the  farming  body,  which  is,  accordm^  to 
Professor  Liebig,  justified  "  in  taking  shelter  from  such  chemical  teaching  in  a 
wholesome  empiricism." 

The  translation  of  these  criticisms  of  Baron  Liebig  has  for  months  been  in  cir- 
culation in  America.  I  have  every  hope  that  when  a  second  edition  of  the 
*  Principles  *  is  published  in  England,  the  Supplement  will  also  appear.  Should 
there  be  no  sign  ef  any  such  publication,  I  shall  take  means  to  lay  the  whole 
qoestioD  before  the  agricultural  public. 

t  Since  the  above  was  in  type,  I  have  received  from  Mr.  Paine  a  third  sample 
of  this  same  water.  It  was  collected  on  the  11th  June,  when  the  drain  was 
raaniiig  very  slowly,  about  one  quart  per  minute.  Upon  analysis  it  was  found  to 
^ntain  7'02  grains  of  nitric  acid  per  gallon. 
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of  April)  that  the  drainage  of  the  whole  year  on  this  particular 
soil  would  as  regards  nitric  acid  be  somewhere  intermediate 
between  the  two  numbers  above  given — 11 J  and  7i — that  is  to 
say,  about  9  grains  in  the  gallon.  For  the  sake  of  illustration, 
I  will  suppose  that  in  this  field  of  Mr.  Paine  the  annual 
-Aow  of  dbrainage  water  (240,479  gallons)  carried  oflF  in  each 
gallon  9  grains  of  nitric  acid  ;  we  shall  find  that  this  quantity 
is  equal  to  309  lbs.  of  nitric  acid,  which  would  be  contained  -in 
about  515  lbs.  (or  about  4^  cwt)  of  commercial  nitrate  of  soda, 
worth,  at  its  present  price,  about  4/.  Supposing,  however,  only 
one  grain  of  nitric  acid  to  be  removed  in  each  gallon  of  water 
for  the  whole  drainage  of  the  year,  we  shall  have  a  quantity  of 
rather  more  than  34  lbs. 

Whilst  we  may  assume  that  there  is  an  indefinite  but  constant 
loss  to  the  soil  in  the  shape  of  nitric  acid,  we  find  on  the  other 
hand  that  the  loss  of  ammonia,  if  calculated  at  its  fullest,  does 
not  exceed  half  a  pound  per  acre  in  the  drainage  of  the  whole 
year.  This  quantity  is  of  course  quite  unimportant,  and  we 
shall  presently  see  that  it  is  more  than  compensated  by  other 
natural  causes. 

The  quantity  of  potash  removed  from  a  soil  in  the  whole 
drainage  is  also  very  insignificant.  The  largest  quantity  indi- 
cated by  the  analyses  is  0*22  (or  about  one-fifth  of  a  grain)  in 
a  gallon,  which,  on  the  previous  calculation,  would  amount  in 
one  instance  (No.  6,  Mr.  Paine's  sample)  to  about  7i  lbs.  in  the 
whole  drainage  of  the  year — this  being,  however,  very  much 
larger  than  in  any  other  of  the  specimens  exhibited. 

It  is  to  be  remembered  that  as  the  drains  are  at  a  depth  of 
from  4  to  5  feet,  all  the  soil  to  that  depth  is  concerned  in  fur- 
nishing the  substances  which  we  find  in  the  water.  Assuming 
a  superficial  inch  of  soil,  over  an  acre,  to  weigh  100  tons,  and 
that  the  drains  lie  at  only  40  inches  from  the  surface,  we  shall 
have  4000  tons  of  soil,  subject  to  the  solvent  action  of  the  water ; 
and  we  shall  find  by  calculation  that  the  quantity  of  potash 
removed  from  the  soil  in  the  year  by  drainage  would  be  repre- 
sented by  the  decimal  '00001  per  cent. — that  is  to  say,  that  if  the 
whole  of  the  soil  were  analysed  before  and  after  this  quantity 
(7  lbs.  per  acre)  was  removed,  there  would  be  found  no  greater 
difference  than  the  hundred-thousandth  part  of  a  grain  in  every 
hundred  grains  of  soil,  supposing  it  possible,  which  it  is  not,  for 
analysis  to  detect  it.  Now,  as  there  are  probably  very  few 
soils  that  would,  on  analysis,  exhibit  the  presence  of  so  little  as 
one-tenth  per  cent  of  potash,  it  is  plain  that  the  drainage-water 
would  in  effect  remove  only  one  part  of  ten  thousand  parts  exist- 
ing in  the  soil.  It  is  only  on  a  consideration  of  numbers  and 
quantity  that  we  can  appreciate  some  facts  at  their  true  worth ; 
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and  we  see  in  this  instance  how  very  much  we  may  be  misled  if 
we  neglect  these  circumstances  in  forming  an  opinion.* 

The  same  remark  holds  good  with  regard  to  phosphoric  acid. 
The  largest  amount  of  this  substance  which,  in  any  of  the  in- 
stances, would  be  found  in  the  drainage  of  the  year,  is  4  lbs., 
which  is  equivalent  to  about  8  lbs,  of  phosphate  of  lime,  a 
qaantity  which  the  decimal  jiist  given  for  potash  would  equally 
represent. 

It  may  be  thought  that  this  reasoning  should  be  extended  to 
nitric  acid;  but  apart  from  the  fact  that  the  quantity  of  this 
substance  is  so  enormously  large,  as  compared  with  the  potash 
and  phosphoric  acid,  it  is  to  be  remembered  that  nitric  acid  does 
not,  like  them,  exist  in  the  soil,  but  is  in  all  probability  a  pro- 
duct of  the  manure  applied,  and  as  such  a  direct  loss. 

We  turn  now  to  the  subject  which  forms  the  next  division  of 
our  inquiry — 

3rd.   HT/ience  are  these  substances  derived  9 

That  all  the  mineral  matters  found  in  drainage-water  are 
derived  either  from  the  soil  or  the  manure  added  to  it  there  can 
be  no  question.  With  the  exception  of  some  one  or  two  sub- 
stances (such  as  common  salt),  which  are  carried  mechanically 
in  the  air  from  the  ocean,  we  do  not  find  in  rain-water  any 
appreciable  amount  of  mineral  matter.  But  this  is  not  so  obvi- 
ously the  case  with  ammonia  and  nitric  acid ;  in  fact,  we  very 
well  know  at  the  present  time  that  both  these  substances  do  exist 
in  rain-water ;  and  should  it  so  happen  that  their  quantity  were 
sufficient,  we  might  readily  attribute  the  presence  of  these  com- 
pounds oif  nitrogen  in  drainage- water  to  the  rain. 

That  the  ammonia  in  rain  equals  in  quantity  that  in 
drainage-water  seemed  credible  encmgh,  but  it  would  hardly 
be  anticipated  that  so  great  an  amount  of  nitric  acid  should  be 
found  in  rain-water ;  and  indeed  the  circumstance  that  in  one 
sample  of  drainage- water  there  should  be  but  half  a  grain  or  less 
per  gallon,  and  in  another  as  much  as  14  grains,  seemed  very 
much  opposed  to  such  a  view.  However,  it  was  absolutely  indis- 
pensable that  all  doubt  on  this  point  should  be  removed  ;  and  for 
this  purpose  it  became  necessary  to  institute  a  careful  examina< 
tion  of  rain-water  itself. 

I  must  briefly  recall  to  the  memory  of  my  readers  some  cir- 
cumstances connected  with  this  question  of  the  composition  of 
rain-water,  which  I  brought  before  them  on  a  previous  occasion^ 

♦  We  must,  however,  in  the  case  of  highly  cultivated  soils  be  equally  guarded, 
on  the  other  side»  against  multiplying  quality  by  quantity.  There  are  few  soils  in 
England  upon  which  a  calculation  of  the  potash,  or  any  other  manurial  substance 
not  specially  abundant,  could  be  assumed  as  constant,  lirom  the  cultivated  sur&ce 
to  the  depth  acted  on  by  4-feet  drainage.— C.  W.  H. 
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In  France  especially  a  great  deal  of  attention  has  lately  been 
paid  to  the  sub^t,  and  names  of  the  highest  note  in  chemical 
science  are  associated  with  its  investigation  and  discussion.  In 
a  very  able  paper,  M.  Barral  recorded  experiments  which  for  the 
first  time  had  been  made  by  him  for  the  estimation  of  ammonia 
and  nitric  acid  in  the  rain-water  of  Paris.  M.  Boussingault  re- 
peated M.  Barral's  experiments  (so  far  only  as  ammomia  was  con- 
cerned), and  found  them  perfectly  correct  for  Paris,  but  totally 
inapplicable  to  rain  falling  in  the  country,  which  latter  contained 
very  much  les»  ammonia.* 

Messrs.  Lawes  and  Gilbert  entered  into  the  subject  in  Eng- 
land with  their  usual  spirit ;  and  having  made  special  arrange- 
ments for  the  collecti<m  of  rain-water  falling  at  Rothamsted,  thej 
carefully  examined  the  different  methods  of  determining  am- 
monia in  water,  as  practised  at  the  time,  and  obtained  a  series 
of  results,  which  were  reported  to  the  British  Association  in  the 
year  1854.  But,  finding  that  the  methods  which  were  available 
for  the  determination  of  nitric  acid  were  anything  but  trust- 
worthy, and  that  the  results  which  they  obtained  were  conflicting 
and  unsatisfactory,  they  very  wisely  forbore  from  publishing 
them. 

The  possession  of  an  accurate  process  for  the  determination 
of  minute  quantities  of  nitric  acid  gave  me,  however,  in  the' 
spring  of  the  present  year,  the  opportunity  of  approaching  this 
question  with  some  prospect  of  success  ;  and  Mr.  Lawes,  with  a 
liberality  which  cannot  be  too  much  admired,  placed  at  my  dis- 
posal a  complete  series  of  the  rain-waters  of  each  month  of  the 
ycaLr  1855.  Through  his  kindness,  therefore,  I  am  now  in  the 
position  of  placing  before  the  agricultural  public  for  the  first 
time  a  reliable  statement  of  the  composition  of  the  rain  of  a 
whole  year,  so  far  as  regards  the  ammonia  and  nitric  which  it 
contains,  as  collected  in  the  open  country.  However  interesting 
the  drainage  results  may  be  found,  I  attach  to  this  part  of  my 

*■  I  have  examined  nraples  of  raiB-waier,  falling  at  the  back  of  my  house  ia 
London.  The  water  was  collected  in  a  large  painted  ^onging4>ath.  After 
filtration,  so  as  to  remove  the  sooty  matter,  it  was  examined  for  nitric  acid  and 
ammonia. 

The  first  sample,  collected  on  the  11  th  of  April,  in  the  present  year,  darings 
short  shower,  gave  me  0*09  of  nitric  acid  per  gallon,  or  about  the  same  as  was 
found  in  the  water  of  June  collected  at  Kothamsted,  as  will  be  seen  further  on. 
The  second  sample,  collected  May  1st,  gave  me  0*12  nitric  acid,  or  raUier  more 
than  the  first,  but  it  was  found  to  contain  1*077  grains  of  ammonia  per  gallon, — a 
quantity  more  than  ten  times  as  great  as  that  found  in  the  rain-water  of  the 
country.  So  far,  therefore,  my  results  on  London  rain  do  not  bear  out  M.  Barral's 
experiments  on  that  of  Paris :  and  unless  there  be  some  cause  conneeled  with  the 


difference  of  fuel  employed  in  the  two  capitals  (one  bein^  coal  and  the  other 
wood),  I  should  be  inclined  to  think  that  M.  Barral's  detenmnatioiis  of  mtric  aeid 
were  in  error  from  the  foultiness  of  the  method  to  which  he  waf«ompeUed  to  lutTO 
recourse. 
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Paper  a  still  greater  importance,  inasmuch  as  the  facts  now  ascer- 
tained have  a  large  and  comprehensive  meaning,  and  are  inti- 
mately associated  with  both  the  philosophy  and  practice  of 
agriculture. 

The  mediods  which  I  have  employed  for  the  determination  of 
nitric  acid  and  ammonia  in  rain-water  will  be  found  fully 
described  in  an  Appendix  to  this  paper.  We  shall  here  there- 
fore occupy  ourselves  only  with  the  results. 

The  rain  gauge  used  by  Mr.  Lawes  at  Rothamsted  is  of  a  very 
large  size,  being  of  an  area  exactly  rainrth  of  an  acre.  The 
water  falling  in  ^is  gauge  is  accurately  weighed  morning  and 
evening.  In  the  ^  Gardener^s  Chronicle,'  and  elsewhere  perhaps, 
Mr.  Lawes  has  puUii^ed  from  time  to  time  the  results  of  his 
observations,  and  it  may  be  remarked  in  passing,  that  by  com- 
parison with  an  ordinary  small  gauge,  the  large  collecting  arrange- 
ment is  found  to  indicate  a  rain-fall  larger  by  several  inches  in 
the  year.  The  gauge,  which  is  of  wood,  lined  with  lead,  is 
-pinced  in  the  centre  of  a  field  far  from  any  source  of  contamina- 
tion, at  more  thim  20  miles  from  London,  and  about  4  miles  from 
tbe  nearest  market  town,  which  is  St.  Albans. 

The  series  of  waters  supplied  to  me  by  Mr.  Lawes  repre- 
sented the  whole  rain-fall  of  each  month  in  the  year  1855.  That 
is  to  say,  the  water  falling  on  separate  days  during  each  month 
has  been  mixed  together,  and  upon  a  portion  of  this  mixture  the 
analysis  has  been  made. 

Tlie  following  Table  shows  the  amount  in  grains  of  nitric  acid 
and  ammonia  in  an  imperial  gallon  of  the  rain  of  different 
months : — 

Table  V. — Nitric  Acid  and  Ammonia  in  Rain-water,  1855. 
(Grains  in  the  imperial  gallon.) 


January 
Febmary 
March  .. 
Apiil    .. 
Mtij     .. 
June    .. 
July     .. 
August 
September 
October 
November 
December 


Ammonia. 

Nitric  Acid. 

O-092 

0-017 

0-iO4 

0-042 

0-086 

0-021 

0M23 

0-035 

0*060 

0-035 

0-185 

0-080 

0-061 

0-017 

0-080 

0-060 

0*095 

0-021 

0-061 

0-036 

0-054 

0-018 

0  067 

0-017 

It  will  be  seen  from  this  Table  that  the  quantity  of  ammonia 
in  the  rain  of  different  months  varies  considerably,  being  in  June 
as  much  as  0*135  grains  in  a  gallon  (1'93  parts  in  a  million),  and 
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in  November  onlj  0*054  (0*771  parts  in  a  million),  or  hardly 
more  than  a  third.  The  mean  quantity  for  the  whole  year  is 
0086  grains  in  a  gallon,  or  about  1*228  parts  in  a  million  of 
water.* 

A  glance  at  the  column  for  nitric  acid  will  show  how  small 
is  the  quantity  of  this  substance  brought  down  by  rain.  Con- 
siderable variations  are  observable  in  this  as  in  the  other  case^ 
the  quantity  being  in  June  five  times  as  great  as  in  several  other 
months.  The  mean  quantity  is  seen  to  be  0'0315  grains  in  a 
gallon,  or  0*405  parts  in  a  million  of  rain. 

Before  attempting  to  draw  any  conclusions  from  this  Table  it 
will  be  well  that  we  should  place  the  matter  in  its  true  bear- 
ings, by  connecting  the  quantity  of  ammonia  and  nitric  acid  in 
the  rain-water  of  different  months  with  the  quantity  of  rain 
which  fell  in  those  months.  From  data  furnished  me  by  Mr. 
Lawes  I  am  able  to  calculate  the  number  of  gallons  of  rain 
falling  on  an  acre  of  land  at  Rothamsted  in  each  month  of  the 
year  1855,  and  knowing  the  proportion  of  nitric  acid  and  am- 
monia per  gallon,  nothing  of  course  is  easier  than  to  ascertain 
precisely  the  total  quantity  of  these  subsfances  which  waft 
brought  in  aid  of  vegetation  by  this  means. 

The  Table  given  below  affords  these  particulars.  I  hare 
added  a  column  to  show  the  total  quantity  of  nitrogen  in  the 
rain,  whether  existing  as  ammonia  or  nitric  acid. 

Table  VI. — Nitric  Acid  and  Ammonia  in  Rain-water,  per  acre,  1855. 


January     

February 

March        

April 

May 

June 

July 

August       

September 

October      

November 

December 

Total  in  lbs.  whole  year 


Gallons 

of 
lUin. 


13,523 
22,473 
52,484 
9,281 
52.575 
41,295 

157,713 
59,022 
34,875 

124,466 
55,950 
39,075 


Nitric  Add 

in 

Grains. 


Ammonia 

in 
Grains. 


230 

944 
1102 

325 
1840 
3303 
26S0 
3577 

732 
4480 
1007 

6G4 


1244 
2337 
4513 
1141 
4206 
5574 
9620 
4769 
3313 
7592 
3021 
2438 


2-98 


7-11 


Total 

Nitrogen  in 

Grains. 


1084 
2169 
3995 
1024 
3939 
5447 
8615 
4870 
2917 
7414 
2749 
2180 


6*63 


The  results  in  this  Table  are  interesting  not  only  on  account 
of  the  light  which  they  throw  upon  the  question  of  drainage,  but 


*  The  experiments  of  Mr.  Lawes  and  Dr.  Gilbert,  in  1853  and  1854,  gave  as  a 
mean,  as  nearly  as  possible,  1  part  of  ammonia  in  a  million  of  rain.  Boos- 
siogault's  result  in  Alsace  was  about  3-4ths  that  of  Lawes  and  Gilbert. 
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from  their  connection  with  other  subjects  which  have  lately 
attracted  so  much  attention.  If  we  are  to  believe  these  figures 
(and  my  own  faith  in  them,  founded  on  the  care  which  has  been 
bestowed  upon  the  analysis,  is  complete)  we  must  at  once  con- 
clude that  the  various  estimates  which  have  been  formed  for  the 
last  two  or  three  years  on  the  quantities  of  ammonia  and  nitric 
acid  in  rain  are  totally  erroneous.  We  have  been  under  the  im- 
pression that  this  quantity  might  very  fairly  be  held  to  account 
for  the  natural  fertility  of  an  unmanured  soil.  M.  Barral's  ex- 
periments in  Paris  first  gave  rise  to  this  impression,  and  an 
examination  of  the  rain  falling  at  Pusey,  by  myself,  seemed  to 
confirm  his  results.*  It  seems  now,  however,  that  the  methods 
of  analysis  for  nitric  acid  were  defective,  and  that  no  reliance 
can  be  placed  either  upon  such  analyses  or  the  conclusion  drawn 
from  them.  In  point  of  fact  the  quantity  of  nitric  acid  brought 
down  by  rain,  instead  of  being  much  greater  than  the  ammonia,  is 
actually  far  less,  and  the  total  quantity  of  nitrogen  in  either  form 
does  not,  as  we  see,  exceed  6|  lbs.  in  the  whole  year.  This 
quantity  is  equal  to  8  lbs.  of  ammonia,  and  would  be  furnished 
by  35^  lbs.  of  sulphate  of  ammonia,  or  47  lbs.  of  guano.  We 
can  hardly,  therefore,  with  these  facts  before  us,  continue  to 
believe  that  the  rain  brings  down  nitrogen  enough  to  account  for 
a  normal  or  natural  fertility,  or  the  growth  of  14  to  17  bushels  of 
wheat  from  year  to  year. 

I  fear  too  that  we  must  abandon  the  pleasant  notion  that  the 
refreshing  effect  of  an  April  shower  is  due  to  these  compounds  of 
nitrogen,  since  the  rain  of  the  whole  month  only  contributes 
1000  grains  of  this  element,  equal  to  about  1  lb.  of  guano  to 
each  acre  of  land. 

It  must  not  be  supposed  that  1  mean  to  deny  that  the  ammonia 
and  nitric  acid  in  the  air  are  all-important  agents  in  vegetation, 
or  that  they  are  sufficient,  without  recourse  to  the  doctrine  of 
the  assimilation  by  plants  of  free  nitrogen,  to  account  for  all  the 
phenomena  observed.  What  I  do  mean,  and  what  I  have  fre- 
quently before  said  is — that  we  must  seek  elsewhere  for  the 
measure  of  this  influence,  that  the  rain-water  does  not  form  a 
trustworthy  guide,  and  that  it  is  in  the  air  rather  than  in  the 
water  that  we  shall  find  the  chief  quantity  of  these  fertilizing 
agents.  The  rain  falls  at  certain  periods  only ;  in  the  intervals 
the  nitric  acid  and  ammonia  are  not  accumulating,  they  are 
removed  by  vegetation   and   by  the   influence  of  the   soil.     I 


♦  I  regret  that  tliis  analysis  should  have  been  published— at  all  events,  without 
the  caution  which,  in  my  Report  upon  it,  I  recommended  with  regard  to  the 
adoption  of  the  fibres.  I  was  perfectly  aware  of  the  unsatisfactory  character 
of  the  methods  which  I  employed,  although  they  were  the  best  then  ^xistuig. 

VOL.  XVII.  L 
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attribute  to  sncfa  lemoval  far  more  force  than  to  the  'occasional 
and  uncertain  influence  of  rain. 

There  is  another  circumstance  that  points  to  the  same  con- 
clusion. Every  acre  of  ground  which  allows  water  to  percolate 
freely,  benefits  equally  by  the  nitric  acid  and  ammonia  of 
rain.  But  whence  comes  the  additional  luxuriance  which  vege- 
tation puts  on  when  the  land  is  abundantly  worked?  whence 
the  Lois  Weedon  crops  ?  Obviously  Mr.  Smith  cannot  be  satis- 
fied with  the  ammonia  of  rain,  he  must  have  some  from  the  air 
also ;  and  he  does  get  it  from  the  air  in  far  greater  quantity  than 
the  rain  could  furnish.* 

If  we  examine  the  Table  we  shall  find  the  facts  to  bear  out 
this  view.  There  is  a  general,  though  not  uniform  relaticxi 
between  the  quantity  of  ammonia  and  nitric  acid  in  the  months 
and  the  quantity  of  rain  that  has  fallen  in  that  month.  Thus  in 
July  we  have  the  largest  rain-fall  (157,713  gallons),  and  by  fiar 
the  largest  quantity  of  nitrogen  (8615  grs.).  In  October  the 
next  largest  fall  of  rain,  accompanied  with  a  corresponding 
quantity  of  nitrogen.  In  April  we  have  the  smallest  rain-fall 
and  the  smallest  quantity  of  nitrogen ;  and  January  follows  it 
exactly  in  the  same  relation. 

That  the  rain-fall  and  nitrogen  are  not  more  closely  related  in 
quantity  is  probably  due  to  a  modification,  which  the  com-* 
parative  number  of  times  at  which  the  rain  falls  would  intro-* 
duce.t  The  bearing  which  the  figures  in  the  foregoing  Table 
have  upon  the  drainage  question  may  be  stated  in  two  words. 
In  the  first  place,  by  comparing  them  with  those  given  in  the 
Table  of  drainage-water,  we  find  that,  as  far  as  ammonia  is  con- 
cerned, the  quantity  falling  in  rain  greatly  exceeds  that  which 
passes  off  by  the  drains ;  thus,  although  in  no  case  do  we  find 
ammonia  in  dminage-water  to  a  greater  extent  than  0*019  per 
gallon,  in  rain-water  we  have  no  instance  where  it  is  less  than 
0*05 ;  whilst  the  mean  is  0086,  or  four  times  as  much  as  the 
largest  amount  in  drainage-water.  It  is  obvious,  therefore,  that 
instead  of  being  an  agent  for  the  abstraction  of  ammonia  from 
the  soil,  rain,  on  the  contrary,  carries  off  (by  drainage)  less  than 
it  brings  ;  a  fact  again  proving  the  power  of  the  soil  in  absorption. 
But  with  nitric  acid  it  is  different.  The  quantity  of  this  sub- 
stance present  in  rain-water  is  not  enough  to  account  for  that 
found  in  any  one  of  the  drain-waters  examined ;  and  if  we  take 


*  Mr.  Smith  habitually  expresses  his  obligations  to  the  dexv^  as  a  more  steady 
benefactor  than  the  rain,  in  much  the  same  terms  as  might  express  the  relation  of 
**  daily  bread  **  to  an  occasional  feast. — C.  W.  H. 

t  It  has  been  usual  to  suppose  that  the  nitric  acid  of  the  air  is  due  to  electrical 
action.  If  so,  it  \&  obvious  that  this  force  is  in  continual  exercise,  since  we  find 
nitric  acid  present  in  the  rain  of  every  month  of  the  year. 
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one  of  the  instaiices  of  waters  collected  by  Mr.  Pdine,  say,  for 
instaace,  the  sample  No.  7,  which  contained  upwards  of  11 
grains  of  nitric  acid  in  the  gallon,  we  shall  see  how  very  short 
the  rain-fall  is  of  accounting  for  this  quantity.  In  effect,  the 
whole  quantity  of  nitric  acid  falling  in  rain  at  Rothanasted  last 
December  was  664  grains,  which  would  be  contained  in  60 
gallons  of  the  drainage-water  collected  at  the  end  of  that  month 
at  Famham  ;  whereas  nearly  20,000  gallons  of  water  must  have 
passed  through  the  drains  of  each  acre  of  land  during  the  two 
days  when  the  samples  were  collected,  a  quantity  which  must  have 
carried  with  it  upwards  of  200,000  grs.  (30  lbs.)  of  nitric  acid. 

One  question  for  which  these  rain-waters  were  examined  is 
answered.  The  nitric  acid  brought  down  by  rain  is  totally 
inadequate  to  account  for  that  found  in  drainage-water.  Is  it 
then  formed  in  the  soil  from  the  nitrogen  of  the  air  ?  or  abstracted 
frcmi  the  air  by  the  soil  ?  or  is  it  derived  from  manure  ? 

With  the  two  former  of  these  questions  we  need  hardly  trouble 
ourselves,  since  the  third  supposition  is  capable  of  an  answer  so^ 
decidedly  affirmative. 

There  is  no  doubt  that  when  air  containing  nitric  acid  in  the 
state,  as  it  would  be,  of  nitrate  of  ammonia,  comes  in  contact  with 
the  soil,  the  nitric  acid  would  be  retained  by  the  soil,  and  thus  a 
foaotity  of  this  substance  might  be  accounted  for. 

Again,  it  is  possible  that,  under  the  influence  of  the  porous 
soil  and  the  alkalies  which  it  contains^  the  nitrogen  of  the  air 
may  be  oxidated;  and,  in  the  absence  oi  better  reasons,  we 
might  fly  to  either  of  these  for  an  explanation  of  the  nitric  acid 
in  drain-water ;  but  in  the  instances  before  us  the  effect  is  too 
{dainly  traceable  to  manure. 

If  we  compare  the  analysis  of  the  samples  fiK>m  Mr.  Paine 
with  the  history  of  the  fields,  we  shall  And  that  the  largest 
quantity  of  nitric  acid  (namely,  14,  12^  and  11  grains  per  gallon) 
is  found  where  the  land  had  been  heavily  manured  with  horn- 
shavings,  rags,  rabbit-skin  waste,  or  some  such  animal  sub-, 
stance.  On  the  other  hand,  in  two  samples  from  Mr.  Aclaody 
where  no  manure  had  been  applied,  we  find  the  nitric  acid  barely 
exceeding  \  a  grain  in  the  gallon. 

Again,  of  four  soils,  in  other  respects  alike,  from  which  water 
was  collected  by  Mr.  Wren  Hoskyns,  the  two,  which  had  received 
guano,  furnish  water  containing  4j  grains  of  nitric  acid  per  gal- 
lon, whilst  those  which  had  not  been  so  treated  contain  only 
about  1  grain  each.  I  fear  that  this  evidence  is  too  strong  to 
permit'  a  doubt  that  it  is  the  nitrogen  of  manure  that  is  thus  run-, 
aing  in  the  drains.* 

♦  On  the  1 2th  of  Noyember,  that  is,  six  weeks  before  thesunples  of  water  vrere 
collected.  Mr.  Paine  sent  me  several  soils ior  examination,  in  aid  of  another  inquiry? 

L   2 
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The  next  question  is,  how  is  this  production  of  nitric  acid  from 
manure  brought  about  ?  This  may  possibly  happen  in  several  ways. 
The  substances  may  in  the  act  of  decomposition  give  rise  through 
their  nitrogen  to  nitric  acid,  which  may  subsequently  be  washed 
through  the  soil,  taking  with  it  any  alkali  it  happens  to  meet. 

Or,  in  the  progress  of  its  putrefaction  the  nitrogenous  matter 
may  by  filtration  be  converted,  as  Dr.  Angus  Smith  has  shown, 
into  nitric  acid. 

Or,  lastly,  the  nitrogen  may  first  form  ammonia,  which  may 
subsequently  be  oxidized  into  nitric  acid.  I  believe  the  first  of 
these  suppositions  to  be  the  most  reasonable.  The  production  of 
nitric  acid  by  filtration  of  putrid  animal  matter,  as  shown  in  the 
very  interesting  experiments  of  Dr.  Smith,  applies  rather  to  sand 
(and  especially  to  charcoal)  than  to  soil,  because  the  latter  arrests 
such  matters,  and  so  soon  as  this  happens  the  production  of  nitric 
acid  would,  I  believe^  be  out  of  the  question.  In  fact  I  have 
failed  to  obtain  nitric  acid  by  filtration  of  putrid  matters  through 
soils.     This  subject,  however,  requires  further  examination. 

The  conversion  of  ammonia  into  nitric  acid  in  the  soil  I  am 
very  unwilling  to  believe.  It  is  by  no  means  easy  to  produce 
this  result  when  the  ammonia  is  out  of  the  sphere  of  other  in- 
fluences, and  the  strongest  oxidating  substances  are  unable  to 
effect  it  ;  *  but  when  it  is  united  in  the  soil  to  substances,  Such 
as  silica  and  alumina,  this  action  is  still  less  likely  to  happen, 
especially  at  common  temperatures.  I  have  filtered  a  weak  solu- 
tion of  ammonia  for  days  through  a  column  of  sand  10  or  12  inches 
deep,  and  have  not  only  got  no  nitric  acid  in  the  liquid,  but  by 
analysis  have  recovered  all  the  ammonia  originally  present.  But 
the  production  of  nitric  acid  during  the  decay  of  highly  nitro- 
genous substances,  such  as  those  in  question  (bones,  woollen-rags 
and  such  animal  matters)  when  in  free  contact  with  the  air  is 
well  understood,  and  I  entertain  no  doubt  that  to  this  action  we 
must  attribute  the  great  quantity  of  nitric  acid  in  those  cases  where 
such  manures  have  been  liberally  applied.  The  same  remark 
applies  to  guano,  for  it  must  be  remembered  that  although  we 
are  in  the  habit  of  speaking  of  guano  as  an  ammoniacal  manure, 
it  is  by  no  means  the  case  that  the  whole  of  the  nitrogen  in  it 
exists  in  the  form  of  ammonia ;  on  the  contrary,  we  know  that 

upon  which  I  am  engaged.  In  one  of  these,  taken  from  a  field  from  which  a 
sample  of  water  was  afterwards  collected,  I  found  as  much  as  0*672  grains  of 
nitric  acid  per  lb.  This  quantity  would  be  e(^aal  to  1505  grains  (about  l-5Ui  lb.) 
for  each  ton  of  soil,  or  20  lbs.  for  each  inch  m  depth  of  soil  on  an  acre.  If  we 
suppose  only  12  inches  of  soil  to  contain  this  proportion,  we  should  hare  240  lbs. 
of  nitric  acid  per  acre  actuallv  in  the  soil  at  that  time  :  a  quantity  quite  sufficient 
to  account  for  that  subsequently  found  in  the  water. 

*  The  permanganate  of  potash  does  not,  I  find,  even  when  boiled  with  a  solu* 
tion  of  ammonia,  give  rise  to  any  nitric  acid. 
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one  of  its  principal  ingredients  is  uric  acid,  a  compound  contain- 
ing nitrogen  not  jin  the  condition  of  ammonia.  It  is  therefore 
quite  possible  that  under  certain  circumstances  guano  may  give 
rise  to  the  production  of  nitric  acid  which  the  drainage-water  may 
carry  ofif ;  and  this  observation  brings  us  to  the  last  head  of  our 
inquiry,  namely — 

fVliat  circumstances  are  likely  to  increase  or  diminish  the  waste 
from  such  causes  ? 

In  a  great  degree  this  question  must  be  left  for  ulterior  exami- 
nation ;  a  knowledge  of  the  cause  of  the  production  of  nitric  acid 
in  the  soil  will  naturally  lead  to  a  remedy  for  its  prevention, 
supposing  such  a  remedy  exists ;  at  present,  however,  as  we  have 
just  seen,  the  cause  is  not  so  obvious. 

The  two  points  to  decide  are.  Does  organic  matter  containing 
nitrogen  give  rise  to  the  production  of  nitric  acid  by  filtration 
through  the  soil  ?  and.  Is  ammonia  oxidated  by  such  filtration  ? 
If  these  questions  are  answered  in  the  negative,  then  I  think  we 
shall  find  a  practical  solution  of  the  only  other  difficulty,  which 
is,  the  oxidation  of  the  manure  into  nitric  acid  during  its  decay. 

It  is  generally  agreed  that  the  first  stage  in  decomposition  is 
the  production  of  ammonia,  but  that  in  the  absence  of  any  sub- 
stance to  unite  with  this  ammonia,  it  passes,  in  the  presence  of 
excess  of  air,  at  once  into  nitric  acid.  We  can  readily  understand 
then,  that  a  nitrogenous  substance  undergoing  putrefactive 
fermentation  by  itself  would  give  rise  to  nitric  acid ;  and  such 
would  be  the  case  with  all  manures,  such  as  bones,  rags,  &c., 
which  by  their  very  nature  cannot  but  lie  in  masses  of  more  or 
less  size.  It  may  be  however,  that  if  these  substances  could  be 
re<luced  to  a  comparatively  fine  condition  and  then  intimately 
mixed  with  the  soil,  that  the  production  of  nitric  acid  would  in 
great  measure  be  obviated.  In  this  latter  case,  the  soil  having 
the  power  to  unite  with  ammonia  would  arrest  the  action  at  that 
point.  It  may  seem  possibly  in  opposition  to  this  view,  that 
manuring  with  guano  should  give  rise  to  nitric  acid,  as  it  is  seen 
to  do  in  the  case  of  Mr.  Wren  Hoskyns'  samples ;  but  it  may 
well  be  doubted  whether  the  mixture  of  tlu3  manure  with  the 
soil  in  the  ordinary  system  of  broad-casting  is  by  any  means  so 
perfect  as  is  desirable,  and  in  all  probability  the  cause  is  the 
same  in  both  cases.*  As  I  said  before  it  is  better  to  leave  this 
matter  open  at  present  until  further  experiments  have  demon- 

♦  This  is  one  of  the  ^rounds  on  which  I  am  led  to  the  practice  of  mixing  the 
guano  with  an  equal  bmk  of  salt,  in  the  hopper,  at  the  time  of  sowing  it,  after  the 
seed-drill.  It  certainly  helps  the  act  of  distribution  greatly,  especially  if,  accord- 
bg  to  my  practice,  the  guano  be  **  pounded  "  very  fine  beforehapd;  and  the  rapid 
asramption  of  moisture  by  salt  must,  I  conceive,  favour  its  more  minute  db- 
lemination  in  the  soil. — C.  W.  H. 
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fttiated  the  truth  of  the  supposition  or  shown  its  fallacy.  There 
can,  however,  be  no  harm  in  urging,  as  I  have  often  before  done, 
the  more  extensive  adoption  of  every  method  whi<^  will  bring 
manures  into  perfect  contact  with  the  soil.  Foremost  in  this  rank, 
of  course,  stands  the  judicious  use  of  manure  in  the  liquid  state ; 
in  the  absence  of  this,  the  next  best  means  of  bringing  abont  diiji 
combination  between  the  soil  and  manures,  is  the  method  of 
compost  heaps,  and  it  seems  to  me  that  advantage  might  be  taken 
of  this  plan  to  a  much  greater  extent  than  is  at  all  usuaL  Even 
in  the  use  of  artificial  manures,  such  as  guano  and  superphos- 
phate, I  think  it  would  greatly  increase  the  efficacy  of  their  appli- 
cation, if  for  some  time  before  they  were  employed  tbey  were 
mixed  with  a  considerable  portion  of  good  soil  and  moistened* 
In  fact  I  would  make  a  compost  heap  of  guano  as  is  oodinaiily 
done  with  farm»jard  manure.  Such  an  idea  may,  I  have  no 
doubt,  find  plenty  of  objections  on  the  score  of  difficulty,  expense, 
and  what  not  All  the  chemist  can  do  is  to  point  out  prindplm — 
if  they  are  inadmissible  in  practice  from  some  causes  of  which  hm 
is  unaware,  thait  is  a  sufficient  reason  for  not  putting  theos  into 
practice;  but  if  on  the  other  hand  his  suggestions  are  not  alto- 
gether impracticable,  sooner  or  later  some  intelligent  enterprtzing 
£aLrmer  will  find  the  means  of  bringing  them  to  bear. 

On  the  present,  as  on  former  occasions,  my  axiom  is,  that  the 
more  perfect  the  contact  of  every  particle  of  the  manure  with  the 
soil  the  better  will  be  its  effect  upon  vegetation.  How  that  per^ 
{set  contact  is  to  be  accomplished  it  is  for  the  practical  farmer  to 
realize. 

Before  concluding  this  paper  it  may  be  of  advantage  te  xe- 
capitulate  the  principal  points  to  which  we  have  been  led  by  the 
present  inquiry.  We  find  then,  that  through  every  acre  of  land^ 
whether  naturally  or  artificially  drained,  there  passes  annoaUy  a 
quantity  of  water  equal  to  42*4  per  cent,  of  the  rain-fall,  and  that 
where  this  latter  is  25  inches  the  quantity  of  drainage-water  is 
equal  to  about  240,000  gallons  in  that  space  of  time.  That  emm 
where  the  land  is  very  highly  manured  this  large  quantity  of 
water  removes  from  .the  soil  only  inconsiderable  quantities  of  the 
most  important  mineral  ingredients  of  soils,  namely,  poUuk  and 
phosphoric  add.  That  the  quantity  of  ammonia  carried  off  firom 
land  by  the  drainage-water  is  also  inconsiderable,  but  that  nitrogen 
in  the  form  of  nitric  acid  is,  especially  in  highly  manured  Iftod, 
to  be  found  in  very  large  quantity  in  the  water  of  land-drainage. 
That  the  quantity  of  nitrogen  in  the  form  of  ammonia  and  nitric 
acid  in  rain-water  is  very  much  smaller  than  has  been  supposed, 
and  quite  inadequate,  of  itself,  to  account  for  the  natural  fertility 
that  has  been  ascribed  to  it ;  and  that  it  is  to  these  substances,  as 
existing  at  all  times  in  the  air,  and  absorbed  from  it  by  the  toil 
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and  by  plants  (especially  the  former),  that  we  must  look  for  an 
explanation  of  ssch  natural  phenomena.  That  the  quantity  of 
ammonia  in  rain  is  greater  than  in  drainage-water,  which  suf- 
ficiently attests  the  absorbing  power  of  the  soil  for  this  alkali ; 
but  that  tbe  nitric  acid  in  rain  does  not  account  for  the  quantity 
found  in  drainage  evoi  in  the  instances  where  it  is  present  in  the 
smallest  quantity.  That  in  all  probability  this  nitric  acid  is  due 
to  the  oxidation  of  the  nitrogenous  matter  of  manures,  and  espe- 
cially takes  place  where  such  manures  are  of  a  nature  to  prevent 
their  perfect  admixture  with  the  soil.  That,  lastly,  the  practical 
means  which  occur  to  aa  of  preventing  so  important  a  loss,  are 
the  more  perfect  admixture  of  manures  with  the  soil  by  any 
method  which  may  best  accomplish  that  end. 

I  shall  take  leave  of  this  subject,  at  present,  by  suggesting  the 
desirabiUtf ,  where  it  may  be  accomplished,  of  employing  the 
diaiaage-water  of  land  highly  manared,  fcnr  the  irrigation  of 
meadow  land  in  its  neighbourhood.* 


APPENDIX. 


Pbocess  for  Estimation  or  Mdtute  Quantities  of  Nmiic  Acid. 

The  difficulties  of  detennining  nitric  acid  with  any'  great 
degree  of  accuracy  are  well  understood,  and  no  process  has 
hitherto  been  known  which  could  successfully  deal  with  the 
small  quantities  which  are  found  in  rain  and  odier  waters.t  la 
the  autumn  of  last  year  (1855),  the  process  which  is  now  to  be 
described  first  suggested  itself  to  my  mind,  but  it  was  not  until 
after  repeated  attempts,  extending  over  several  months,  and  after 
numerous  modifications,  that  I  was  able,  in  conjunction  with 
my  friend  and  assistant,  Mr.  E.  O.  Browne,  to  bring  it  to  a 
satisfactory  issue.  The  process  itself  is  based  on  Professor 
Bunsen's  volumetric  method  for  the  examination  of  oxidizing  and 
deoxidizing  agents  by  the  means  of  iodides,  but  it  depends  for  its 
success  upon  a  nund)er  of  conditions,  the  fulfilment  of  which 
constitutes  its  merit.  Professor  Bunsen  no  doabt  sought  to 
include  nitric  acid  amongst  the  othier  substances  to  whjch  he 

*  Ssch  on  employmeiU  «f  drainage  (Bor&oe)  watere  U  ir«n  kD^wn  to  exist  at 
Lord  Hatherton's  at  Teddesley,  and  the  Doke  of  Portland's  at  Clipstone.  Mr.  Paine 
inftrms  me  that  the  drainage- water  of  some  of  the  fields,  lAiere  analysis  has 
demonstrated  so  great  a  loss  of  nitric  aeid,  prodsoes  the  utmost  Inxnriance  in  the 
glass  of  a  meadow  over  which  it  is  allowed  to  &>w. 

t  I  have  already  alluded  in  the  foregoing  paper  to  Mr.  Ville*8  method  of  deter- 
mining this  acid,  which,  according  to  the  report  of  the  commission  appointed  to 
^m^kntM.  the  sabjeet,  is  seand  in  prusoipie  asm  stwcesdui  in  pimetioe. 
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adapted  his  process ;  but,  as  he  makes  no  mention  of  it,  we  must 
suppose  that  he  did  not  accomplish  its  estimation.  I  shall 
describe  the  process  as  it  is  practised  in  the  examination  of 
waters ;  the  modifications  necessary  for  other  substances  con- 
taining nitrates,  will  readily  occur  to  the  reader.  To  prevent 
confusion,  it  will  be  supposed,  in  the  first  instance,  that  the 
water  contains  little  or  no  organic  matter  in  solution.  A  pint 
of  the  water  is  introduced  into  a  flask,  and  rendered  alkaline  by 
a  few  drops  of  lime-water,  so  as  to  avoid  all  risk  of  the  loss  of 
nitric  acid  in  the  subsequent  evaporation ;  the  mouth  of  the  flask 
is  then  closed  with  a  cork,  furnished  with  a  rather  large  glass 
tube,  and  drawn  out  to  a  comparatively  small  opening,  and  by 
means  of  a  lamp  it  is  evaporated  to  a  small  bulk.  The  object 
of  the  tube  is,  by  an  abundant  issue  of  steam,  to  prevent  the 
possibility  of  any  circulation  in  the  bottle  of  the  air  of  the 
laboratory,  which  might  introduce  nitric  acid,  A  stream  of 
carbonic  acid  is  now  passed  through  the  liquid,  to  remove  the 
excess  of  lime,  which  is  objectionable  in  the  later  stages  of  the 
process ;  and  the  liquid,  having  been  filtered,  is  transferred  by 
means  of  a  small  funnel  to  a  small  globular  flask,  which  is  fig^ured 
at  a  in  the  adjoining  woodcut.  This  flask,  as  well  as  the  rest 
of  the  vessels  used  in  the  operation,  must  be  able  to  support  a 
pressure  from  without  of  about  one  atmosphere,  but  it  need  not 
be  at  all  thick  for  this  purpose.  The  flasks  which  I  employ  are 
globular,  and  of  about  2^  inches  in  diameter  ;  they  are  furnished 
with  necks  about  2  inches  in  length,  and  i"^  of  an  inch  external 
diameter.  They  hold  when  full  about  2000  grains  of  water,  but 
of  course  not  more  than  two-thirds  of  this  quantity  is  evaporated  in 
them  at  the  time ;  the  flasks  weigh,  when  empty,  about  800  grains, 
which  will  serve  as  a  guide  to  their  thickness.  The  concentrated 
water  is  now  further  evaporated  in  the  flask  a  to  perfect  dryness  ; 
the  last  parts  of  the  operation  being,  for  the  sake  of  precaution, 
performed  in  an  air  bath,  at  a  temperature  not  exceeding  350^ 
Fahrenheit,  Into  the  flask  is  introduced  a  small  quantity  (gene- 
rally for  rain-water  about  6  or  8  grains)  of  pure  and  dry  iodide 
of  silver ;  the  quantity  of  this  being  of  course  increased  in  cases 
where  a  larger  amount  of  nitric  acid  is  anticipated.  The  bottle  is 
now  connected  with  the  apparatus,  as  shown  in  the  woodcut. 
The  little  bottle,  or  tube,  by  upon  which  it  is  convenient  to  have 
a  bulb,  is  partly  filled  with  strong  hydrochloric  acid,  which  must 
be  free  from  chlorine;  the  quantity  employed  may  be  from  150 
to  200  grains.  These  flasks,  as  well  as  all  the  parts  of  the 
apparatus,  are  connected  by  short  India-rubber  tubes,  which,  if  of 
proper  size,  are  air-tight  without  being  tied.  In  using  them  it 
is  necessary  to  bring  the  glass-tubes  as  nearly  as  possible  into 
contact,  by  which  the  India-rubber  tube  is  prevented  from  collaps- 
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ing  upon  the  withdrawal  of  the  air.  The  acid-tube  and  globular 
flask  being  now  in  position,  a  vacuum  is  made  in  them  by  a  few 
strokes  of  a  small  air-pump ;  the  amount  of  the  vacuum  can  be 
observed  by  the  barometer  tube  c,  which  at  its  lower  end  dips 
into  a  small  vessel  of  mercury.  The  bottles  d  and  e  are 
intended  to  supply  carbonic  acid;  d  consists  of  a  two-necked 
bottle,  of  a  capacity  of  about  2  pints,  and  containing  fragments  of 
marble  ;  it  is  joined  to  e  by  means  of  ^e  talie  ^  which  reaches 
nearly  to  the  bottom  of  each,  e  is  also  a  two-necked  bottle, 
holding  about  4  pints,  and  furnished  at  one  of  its  openings  with 
a  cork  and  a  tube,  containing  bi-carbonate  of  potash,  for  the 
purpose  of  preventing  any  nitric  acid  from  reaching  the  apparatus 
from  external  sources.  On  pressing  for  a  second  the  little 
brass  spring  clamp  A,  which  is  placed  on  an  India-rubber  joint, 
the  carbonic  acid  diffuses  itself  tfanwgli  tihe  amnstos,  anld  die 
dilute  hydrochloric  acid  contained  in  the  bottle «  is  forced  over 
into  cf,  where  it  gives  rise  to  a  further  supply  of  carbonic  acid, 
which  forces  the  acid  back  into  the  botde  e.  In  this  way  any 
unnecessary  waste  of  the  materials  is  avoided,  and  the  apparatus 
does  not  require  renewal  for  a  long  time.*  The  carbonic  acid 
mixed  with  the  small  quantity  of  air  remaining  in  the  flasks  is 
now  removed  by  the  pump,  and  the  vacuum  is  as  before  again 
destroyed  by  recourse  to  the  spring  h.  By  repeating  4  <Mr  5 
times  these  operations,  which  do  not  occupy  as  many  fldiaQtes, 
the  last  portions  of  air  are  effectually  removedf  The  vessds 
being  now  nearly  vacuous,  the  acid  in  ft  is,  by  a  little  manage- 
ment, made  to  flow  into  the  bottle  containing  the  nitrate  and 
iodide  of  silver.  The  T-piece  connecting  these  is  made  of  glass. 
The  parts  m  mm,  whexe  one  tube  joins  on  at  right  angles  to 
another,  areshoftT-pieoes  either  of  glass  «r  metiL 

By  withdrawing  the  botde  a  about  a  quarter  of  an  inch  from  the 
tube  connecting  it  with  the  rest  of  tke  apparatus,  the  operator  is 
now  able  to  shut  it  off  from  the  latter  by  means  of  the  clamp  t, 
which  is  of  course  placed  in  readiness  at  the  beginning  of 
the  operation.  The  bottle  now  contskiii^  the  nitrate,  the  iodide 
of  silver,  and  hydrochloric  acid,  is  placed  in  a  water-bath,  which 
is  conveniently  supported  on  a  retort  stand,  and  remains  in  the 
boiling  water  for  about  ten  minutes.     Under  these  circumstances 

*  The  same  object  mnr  be  sttained  bj  lihe  use  of  a  doable  cylinder  arrange- 
ment, sacb  as  is  employed  in  the  Dobereiner  lamp. 

t  It  is  quite  possible  that  the  air  mig^t  be  removed,  though  perhaps  hardly  so 
effectually  by  a  stream  of  carbonic  acid  without  the  use  of  a  pump,  but  there  are 
many  advantages  in  the  employment  of  this  latter  which  more  than  compensate 
for  the  extra  trouble  which  it  involves  inthe  fitting  up  of  the  apparatus,  especially 
that  the  vacuum  enables  us  to  boil  the  substances  in  the  flask  A  without  risk  of 
bursting,  which  otherwise  would  be  almost  certain  to  occur  if,  as  it  must  be,  the 
flask  is  closed. 
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the  nitrate  and  hydrochloric  acid  mutually  decompose  each  other, 
Vfiih  the  separation  of  nitric  oxide  and  chlorine ;  the  latter  acts 
upon  the  iodide  of  silver,  liberating  iodine,  the  vapours  of  virhich, 
when  the  nitrate  present  is  considerable,  will  be  seen  to  fill  the 
flask.  When  the  operation  is  supposed  to  be  complete,  the 
flask  and  its  contents  are  allowed  to  become  perfectly  cool,  or 
may  be  dipped  into  cold  water  to  hasten  this  period.  The 
clamp  I  is  now  shifted,  and  the  neck  of  the  bottle  restored  to  its 
place  in  the  India-rubber  tube,  when  the  same  alternate  pumping 
and  admission  of  carbonic  acid  are  gone  through  for  the  removal 
of  ^e  nitric  oxide  as  were  before  employed  for  abstracting  the 
air.  When  this  is  accomplished  the  flask  is  separated  from  the 
Fest  of  the  apparatus  (which  is  at  the  time  filled  with  carbonic 
acid),  and  the  first  part  of  the  process  is  at  an  end.  The  second 
part  is  an  applicaticm  of  Professor  Bunsen's  method — namely,  of 
converting  the  iodine  into  hydriodic  acid,  by  means  of  an  excess 
of  a  standard  solution  of  sulphurous  acid,  and  estimating  the 
amount  of  excess  of  this  latter  by  a  standard  solution  of  iodine. 
To  save  reference  I  will  shortly  mention  the  relative  strength  of 
these  solutions  and  the  method  of  using  them. 

The  test  solution  of  iodine  is  made  by  dissolving  25  grains  of 
carefully  purified  iodine  in  1  pint  (7000  grs.)  of  distilled  water. 
In  using  it  a  burette  containir^  700  grs.  is  employed,  and  this 
being  divided  into  100  parts,  each  part  (or  septem)  contains  •  025 
(or  V^th)  of  a  grain  oi  iodine,  and  represents  *  00356  grains  of 
nitric  acid.  As  it  is  easy  by  practice  to  read  to  one-half  or  even 
one-third  of  a  measure,  the  estimation  may  be  made  to  *  001  of 
nitric  acid. 

The  sulphurous  acid  solution  is  of  no  absolute  determinate 
strength,  but  is  standarded  every  day  or  oftener  when  experi- 
ments are  in  progress.  It  is  made  by  mixing  1  part  by  measure 
of  a  saturated  solution  of  sulphurous  acid  with  about  250  parts 
of  w»ter.  A  pipette  containing  100  septems  (700  grains)  is 
used  for  measuring  this  standard  sulphurous  acid,  and  this 
quantity  will  generally  require  from  30  to  35  measures  of  the 
standard  iodine  solution  for  its  neutralization. 

The  sulphurous  acid  solution  is  so  weak  that  a  portion  thrown 
on  to  the  palm  of  the  hand  will  hardly  be  detected  by  the  smell. 
To  ascertain  its  standard  value,  a  pipette-full  diluted  with  water 
is  placed  in  a  pmt  flask,  a  few  drops  of  solution  of  starch  are 
added,  and  the  iodine  solution  is  diopped  into  the  mixture 
till  the  blue  colour  becomes  permanent;  a  single  drop  is 
enough  to  produce  the  change  when  the  point  has  been  arrived 
at.  When  the  solution  becomes  weak,  a  little  more  of  the 
strong  sulphurous  acid  is  added.  It  is  conveniently  kept  in  a 
large  loosely  corked  bottle,  furnished  with  a  syphon  tube,  upon 
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which  is  an  Indiarubber  joint  with  a  brass  spring  as  in  Mohr's 
burettes. 

To  ascertain  bj  means  of  these  solutions  the  quantity  of  iodine 
which  has  been  liberated  by  the  action  of  the  nitric  acid,  the 
contents  of  the  small  flask  are  washed  out  carefully  (and  by  the 
help  of  a  little  iodide  of  potassium  to  assist  in  the  solution  of 
the  iodine)  into  a  larger  flask,  the  quantity  of  liquid  being  made 
up  with  distilled  water  to  about  5000  or  6000  grs.  A  measured 
quantity  of  the  sulphurous  acid  solution  is  now  added  by  means 
of  a  pipette  ;  if  sufficient  it  entirely  destroys  the  colour  of  the 
liquid.  A  few  drops  of  solution  of  starch  are  now  introduced, 
and  the  standard  iodine  liquid  is  added  drop  by  drop,  until  the 
blue  colour  of  the  iodide  of  starch  becomes  permanent.  A 
simple  calculation  founded  upon  the  known  relation  of  the  two 
liquids,  as  before  explained,  gives  the  quantity  of  nitric  acid  in 
the  pint  of  water  operated  upon  in  the  analysis.  If  iodine  has 
been  liberated  during  the  process,  the  sulphurous  acid  will  re- 
quire the  addition  of  a  smaller  quantity  for  its  destruction* 
Supposing  the  standard  to  be  30  measures  of  iodine  liquid,  and 
that  in  an  experiment  only  20  are  required — then  as  each  measure 
indicates  *  00356,  the  ten  measures  not  required  will  indicate 
•  0356  of  nitric  acid  present  in  the  water  examined. 

Iodide  of  potassium  was  originally  employed  in  this  process 
instead  of  iodide  of  silver.  To  this  substance,  however,  there 
were  found  to  exist  two  objections :  the  first  of  these  was,  that  if 
the  waters  contained  sulphates,  which  would  be  the  case  in  nine 
out  of  ten,  a  separation  of  iodine  occurred  even  in  the  entire 
absence  of  nitric  acid.  It  is  well  known  that  the  re-action  upon 
which  Bunsen's  process  is  founded,  is  reversed  when  the  solutions 
are  strong ;  that  is  to  say,  iodide  of  potassium  or  hydriodic  acid  and 
sulphuric  acid,  unless  very  dilute,  mutually  decompose  one  another 
with  formation  of  sulphurous  acid  and  liberation  of  iodine. 

In  the  trials  which  were  made  with  iodide  of  potassium,  the 
hydrochloric  acid  employed  must  have  liberated  sulphuric  acid, 
which  was  then  acted  upon  by  the  hydriodic  acid  formed  at  the 
same  time.* 

This  objection  to  the  use  of  iodide  of  potassium  was  indeed 
successfully  removed  by  the  employment  of  caustic  baryta  in  the 
place  of  lime  in  the  boiling  down  of  the  water  under  examination, 
as  in  this  way  sulphuric  acid  was  removed  from  the  liqaid  ;  but 
another  difficulty  still  remained. 

We  found  that  a  mixture  of  hydrochloric  acid  and  iodide  of 

*  This  is  an  additional  illustration  of  the  law  of  Berthollet  of  the  distribution 
of  acids  and  bases,  as  it  is  clearly  seen  that  hydrochloric  acid  can  decompose  a 
sulphate.  There  is  no  doubt  that  a  very  delicate  process  for  sulphuric  acid  and 
sulphates  might  be  founded  on  this  circumstance. 


Composition  of  Waters  of  Land-Drainage  and  of  Rain.    157 

potassium  gave  rise,  upon  len]g^thened  boiling,  to  a  liberation  of 
iodine,  slight  indeed,  but  still  sufficient  to  impair  the  delicacy 
of  the  results  unless  great  attention  was  paid  to  the  duration  of 
the  operation. 

Iodide  of  silver  is  not  subject  to  either  of  these  objections ; 
it  is  not  affected  by  hydrochloric  acid,  neither  is  iodine  liberated 
from  it  by  sulphuric  acid  when  sulphates  are  present.*  Iodide 
of  lead  was  tried,  but  with  a  less  satisfactory  result. 

Li  the  foregoing  account  I  have  supposed  the  water  to  be  free 
from  organic  matter,  which  is,  however,  seldom  the  case.  The 
presence  of  organic  matter,  by  acting  on  the  nitrate,  would  very 
greatly  interfere,  unless  steps  were  taken  to  counteract  it.  For 
this  purpose,  in  almost  all  cases,  I  have  recourse  to  a  solution  of 
permanganate  of  potash ;  two  or  three  drops  of  which  are  added 
to  the  water  in  the  act  of  boiling  it  down.  The  permanganate 
effectually  destroys  the  organic  matter  with  the  production  of 
peroxide  of  manganese ;  it  is  added  drop  by  drop,  so  long  as  the 
amethyst  tint  imparted  by  it  is  destroyed  ;  when  this,  after  some 
time,  remains  permanent  in  the  boiling  solution,  it  is  known  that 
the  whole  of  the  organic  matter  is  oxidated.  The  excess  of 
permanganate  is  removed  by  adding  a  few  grains  of  carbonate  of 
lead  to  the  boiling  solution,  by  which  peroxide  of  manganese 
and  puce  oxide  of  lead  are  precipitated.  When  the  latter  is 
sufficiently  concentrated,  carbonic  acid  is  passed  into  it  as  before 
mentioned ;  the  liquid  is  filtered,  and  the  evaporation  is  com- 
pleted in  the  small  globular  flask.  The  complete  dryness  of  the 
product,  and  the  absence,  as  far  as  can  be,  of  carbonates,  are 
desirable  on  account  of  the  necessity  that  the  hydrochloric  acid 
should  be  as  strong  as  possible,  in  order  to  act  on  the  last 
portions  of  nitrate. 

I  now  proceed  to  give  instances  of  the  amount  of  accuracy 
which  attends  this  process. 

The  following  are  seven  determinations  of  nitric  acid  in  nitrate 
of  potash  repeatedly  crystallized.  A  weak  solution  of  the  nitrate 
was  employed,  and  a  given  quantity  of  it  carefully  measured  by 
a  pipette,  and  evaporated  to  dryness.  The  quantity  of  nitrate  em- 
ployed was  1U84  grains,  representing  0*585  grains  of  nitric  acid. 

The  results  were —  N,tric  Acid. 

Ist  Experiment 0*582 

2nd        „  0-585 

3rd         „  0-584 

4th         „  0-581 

5th         „  0-580 

6th         „  0-584 

7th         „  0-583 

*  In  the  instances  given  further  on  of  the  delicacy  of  this  process  for  nitric  acid, 
^  be  found  one  in  Trhich  a  sulphate  was  employed  without  altering  the  result. 
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In  the  last  instance  10  grains  of  pure  sulphate  of  lime  were 
added  with  the  iodide  of  silver,  but  without  deranging  the  resnlt 
These  results  are  not  selected  from  a  greater  number,  but  were 
obtained  in  seven  consecutive  experiments.  The  mean  of  these 
results  is  as  nearly  as  possible  0*583  (0'5627),  as  against  0'585, 
the  quantity  of  nitric  aeid  experimented  vpoo,  ar  an  error  of 
1  in  291  on  the  whole  quantity.  The  greatest  deriatioa  is 
less  than  1  per  cent. ;  that  is  to  say,  that  for  100  parts  of  nitrio 
acid  the  worst  result  would  show  99. 

If,  as  is  veiy  possible,  the  nitrate  after  all  was  not  quite  pine^ 
and  that  the  deviations  were  equal  above  and  bdow  the  tmth^ 
they  are  then  still  further  reduced. 

I  do  not  think  it  necessary  to  say  a  word  in  explanation  of  the 
delicacy  of  a  method,  which  deals  with  quantities  as  a  whole, 
which  heretofore  would  have  been  exceeded  by  the  diflFerences  of 
two  experiments* 

The  following  are  duplicate  analyses  of  diiFereni  samples  of 
drainage  and  rain  waters  given  in  the  preceding  paper — 

Nitric  Add  w  DrcUnage  Waters  (Mr,  Paine\ 


17o. 

In  a  pint. 

No. 

Inaplitt 

1st  determination  . 

.      ..   0-7209 

1st  determinatioB    . 

.      ..  0-342 

1. 

2nd 

»             " 

..      ..   0-7132 

5.     2nd 

n                    • 

.      ..  0-347 

Mean 

» 

.      ..   0-7170 

Mean 

» 

.      ..  0-345 

Ist 

)) 

.      ..   1-478 

1st 

»                     • 

.      ..  0-807 

2. 

2nd 

yy 

.      ..   1-470 

6.    2nd     • 

v                  • 

.      ..  0-808 

Mean 

n 

..      ..   1-474 

Mean 

>»                   • 

.      .„  0-805 

(1st 

y>  • 

.      ..   1-272 

(1st 

>f                   * 

.      ..  1-149 

3.     2nd 

M 

..      ..   1-290* 

7. 1  2nd 

n                  • 

.      ..  1-142 

Mean 

?» 

..      ..   1-281 

(Mean 

» 

.      ..  1-146 

1st 

)) 

..      ..   0-192 

4. 1  2nd 

)) 

.      ..   0-197 

Mean 

>»                       • 

.      ^  0-195 
Mr,  Adand 

's  Samples, 

; 

No. 

In  a  pint. 

No. 

Inaphit. 
..  0-0480 

'  1st  determinatio 

Q      ..   0-0623 

1st  deteriniaaticm 

2  A.     2nd 

7) 

.      ..   0-0633 

3  A.  j  2nd 

»              •  • 

..  0-0i90 

Mean 

?>                      ' 

.      ..  0-0628 
Mr,  Hoskyi 

Mean 
w'  Samples, 

»> 

..  0-0485 

No. 

In  a  pint. 

No. 

In  a  pint 

( 1st  determination 

..      ..•0-4B4 

( 1st  determination    . 

.       ..   0-441 

1. 1  2nd 

..      ..0-461 

•3.     2nd 

>» 

.      ..   0-439 

I  Mean 

..      ..   0-463 

(  Mean 

jf 

.      ..   0-440 

(1st 

..      ..0-114 

(  1st 

f9 

.      ..  0-117 

2.     2ftd 

..      .."  0-107 

';4.     2nd 

n 

.      ..   0-117 

[  Mean 

..    .."0-iIo 

(  Mean 

i> 

.      ..   0-117 

*  The  discrepancy  here  seen  was  accounted  for  by  an  accident  to  tbe  pamp, 
which  delayed  the  experiment. 
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The  foregoing  are  probably  sufficient  illustrations  of  the 
accuracy  of  this  process.  They  are  fair  instances  of  the  actual 
results,  and  wherever  greater  deviations  are  found  to  occur, 
which  is  veiy  seldom  the  case,  the  cause  is  generally  discernible 
during  the  piocess  q£  analysis,  and  may  be  avoided  by  due  care. 

It  is  only  fufther  necessary  to  remark,  that  the  possible  sources 
of  error  ia  tinv  method  have  been  carefully  looked  into.  The 
most  probable  would  be  the  production  of  nitric  acid  by  the 
action  of  the  permanganate  of  potash,  either  on  ammonia  or 
nitrogenous  organic  matter  in  the  waters.  I  have  satisfied  myself, 
by  direct  experiments^  that  in  neither  case  does  such  production 
of  nitric  acid  occur. 

Dbtermination  of  AMMOmA. 

The  accompanying  woodcut  will  probably  be  understood 
without  much  explanation.  Into  the  bottle  a,  which  has  a 
capacity  of  about  1  gallon  (70,000  grains),  a  quart  of  the  water  to 
be  examined  is  introduced,  together  with  a  small  quantity  of 
lime,  and  a  quantity  of  recently  fused  common  salt,  the  object 
of  which  last  will  be  immediately  explained.  This  vessel  is  con- 
nected with  the  bottle  d  by  glass  tubes  c  of  about  |  of  an  inch 
external  diameter. 

The  vessel  J  is  a  bottle  with  two  necks,  into  which  the  glass 
tubes  are  ground ;  into  this  vessel  is  introduced  a  solution  of 
bisulphate  of  potash,  for  the  purpose  of  collecting  the  ammonia 
brought  over  by  distillation  from  the  liquid  in  a. 

The  tube  c  connecting  these  vessels  cannot  obviously  form  a 
stopper,  and  at  the  same  time  continue  of  any  length  into  the 
bottle  ff,  but  a  smaller  tube  is  by  means  of  an  India-rubber  joint 
connected  with  it,  so  as  to  dip  into  the  liquid  in  the  vessel  d. 
^The  same  is  true  of  the  tube  A,  which  connects  d  with  e,  but 
which  stops  short  at  about  two-thirds  of  its  depth. 

The  vessel  e  is  surrounded  by  cold  water  in  an  outer  vessel  y. 

At  ^^  the  apparatus  is  connected  with  the  pump  at  the  point  h 
in  the  nitric  acid  apparatus.  As  these  two  operations  have,  in 
the  case  of  waters,  to  be  carried  on  at  the  same  time,  it  is  con- 
venient to  have  the  respective  apparatus  attached  to  the  same 
pump. 

Such  being  the  arrangement,  heat  is  applied  to  the  water  bath  J, 
and  a  vacuum  is  created  throughout  the  apparatus  by  the  pump. 
When  the  liquid  in  a  commences  to  boil,  a  trifling  condensation 
at  first  occurs  in  the  tube  c  and  the  vessel  d,  but  these  soon  come 
to  have  a  temperature  equal  or  nearly  equal  to  the  liquid  in  a, 
and  from  that  time  the  bubbles  of  vapour  pass  through  the  liquid 
in  d,  just  as  would  a  fixed  gas,  and  are  finally  condensed  in  e,  so 
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that  no  considerable  amount  of  condensation  occurs  in  the  pump 
to  impair  its  action. 

In  this  way  we  are  enabled  as  it  were  to  wash  all  the  vapour, 
causing  it  to  leave  behind  it  any  ammonia  which  it  may  contain, 
without  greatly  increasing  the  bulk  of  the  liquid  to  be  sub- 
sequently tested.  The  operation  proceeds  regularly  and  without 
requiring  much  care  or  attention,  except  in  the  occasional  im- 
provement of  the  vacuum  as  a  slight  leakage  may  occur.  We 
may  in  this  way,  if  we  please,  distil  over  the  greater  part  of  the 
water  operated  upon. 

The  object  of  adding  the  salt  to  the  liquid  to  be  distilled  is 
to  elevate  the  point  of  vaporization  of  the  water,  whilst  at  the 
same  time  that  of  the  ammonia  is  diminished  from  the  well- 
known  circumstance  that  a  liquid  saturated  with  a  salt  has  its 
power  of  dissolving  gases  almost  destroyed.  We  have  found 
that  under  these  circumstances  all  the  ammonia  present  is  brought 
over  with  one-fifth,  and  indeed  in  some  instances  with  one-tenth, 
of  the  water ;  but  it  is  preferable  to  distil  a  larger  quantity. 
Bisulphate  of  potash  is  substituted  for  sulphuric  acid  as  a  means 
of  collecting  the  ammonia,  as  it  may  well  be  supposed  to  be  less 
volatile  than  the  latter.  The  resulting  liquid  is  tested  with  a 
standard  solution  of  ammonia,  of  such  a  strength  that  each  septem 
(7  grains)  represents  '02714  grains  of  animonia.  A  neutral  solu- 
tion of  litmus  is  employed,  as  is  usual  in  such  experiments.  It 
is  proper  to  state  that  when  this  apparatus  was  used  in  the  way 
described  an  apparent  excess  of  ammonia  was  frequently  ob- 
tained, due,  there  can  be  no  doubt,  to  a  mechanical  carrying  over 
of  small  quantities  of  the  acid  liquid  in  d  by  the  bubbles  of 
vapour.  I  believe  that  with  care  such  a  result  may  be  avoided.* 
The  results  actually  given  were  obtained  by  a  modification  of  the 
method  of  using  the  apparatus.  The  vessel  d  was  kept  cold  by 
means  of  an  outer  vessel  of  cold  water,  and  the  greater  part  or 
the  whole  of  the  distilled  liquid  condensed  there,  and  was  tested 
at  one  operation.  Even  in  this  form  the  use  of  a  vacuous  appa- 
ratus is  most  desirable,  as  the  process  is  so  regular  and  so  much 
under  control,  whilst  it  is  perfectly  impossible  to  suffer  loss  by 
escape  of  ammonia.  Numerous  direct  experiments  have  been 
made  to  prove  the  correctness  of  this  process,  but  it  may  be 
sufficient  to  give  a  few  instances  of  duplicate  analyses  where  the 
quantities  distilled  over  and  other  conditions  have  been  unlike, 
and  the  similarity  of  result  cannot  therefore  be  due  to  accident. 
The  following  are  such  analyses  of  the  rain-water  of  five  different 
months  in  the  year  1855,  as  mentioned  in  the  foregoing  table. 

*  A  plug  of  asbestos  was  inserted  in  the  tnbe  at  k,  but  failed  to  prevent  the 
acid  liquid  from  being  carried  over. 
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Ist  experiment 
2nd        „ 
Mean     « 

..   -0640 

..   -0541 

Ut 

2nd        „ 

Mean     „ 

..  -0670 
..  -0678 
..  -0674 

The  resulU  are  given  on  the  gallon:  as,  however,  only  one  quart 
was  operated  upon,  the  actual  errors  are  only  one*fourth  of  what 
they  here  seem : — 

Ammonia, 

{1st experiment..   -0800 
2iid        „         ..   -0814        November 
Mean     „         ..  -0807 

September  1 2nd  „  ..  '0949        December 

(Mean  „  ..  -09495 

fist  „  ..  -0610 

2nd  „  ..  -0610 

Mean  ^  ..  *0610 

The  deviations  in  any  two  of  these  analyses  are  not  greater  than 
those  which  are  inseparable  from  the  best  methods  of  alkalimetry, 
and  it  may  well  happen  that  no  part  of  the  difference  results 
from  the  distillation.  In  the  case  of  December,  for  instance,  in 
which  the  largest  error  ia  seen  to  occur,  the  actual  difference  be- 
tween the  two  determinations  on  a  quart  of  water  is  only  -0002 
of  a  grain  of  anmionia — a  quantity  which  is  represented  by  a 
quarter  of  a  measure  of  the  test  liquid.  Now,  as  this  quantity 
is  little  more  than  one  drop,  and  as  it  is  made  as  weak  as  is  oon* 
sistent  with  the  power  of  the  eye  to  observe  the  change  of  colour, 
it  is  obvioua  that  we  cannot  expect  to  attain  any  greater  amount 
of  accuracy.  These  duplicate  analyses  are  all  I  can  find  in  my 
books  as  made  upon  waters ;  they  are,  consequently,  in  no  way 
selected  for  the  purpose :  they  were,  moreover,  made  by  different 
experimenters. 
15y  Welheck-atrett,  Cavmdishs^wxre. 


YI. — On  the  Natural  History  of  British  Meadow  and  Pasture 
Grasses.  By  James  Buckman,  F.G.S.,  F.L.S.,  Professor  of 
Geology  and  Botany  in  the  Royal  Agricultural  College. 

Introduction. 

In  giving  descriptions  of  grasses,  it  may  be  well  to  set  out  with 
the  acknowledgment  that  these  plants  form  an  exceedingly  natural 
group,  which  at  once  supposes  that,  although  they  have  sudh  dif* 
ferences  that  species  can  be  recc^nised  by  careful  analysis,  they 
have  yet  such  agreement  in  common  that  the  most  casual  observar- 
tioo  is  usually  su£Bcient  to  determine  one  of  the  family  to  be  a 
^  grass,'  or  at  least  to  enable  us  to  refer  it  to  the  Graminaeem^  as 
the  natural  order  of  plants  to  which  it  belongs. 

Here,  then,  we  see  that  there  must  be  a  great  similarity  of 
parts  in  species  of  grasses,  and,  as  these  parts  are  often  minute,  it 
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follows  that  in  order  to  understand  descriptions  so  as  to  aiable  us 
to  distinguish  one  species  from  another,  or  to  analyse  them,  great 
care  must  first  be  takqn  to  master  the  minute  distinctive  characters 
which  such  parts  may  present.  This  done,  the  stud^it  of  grasses 
may  socm  know  them  tolerably  well,  whereas,  if  neglected,  he 
may  attain  to  the  knowledge  of  names,  but  it  will  only  be  in  a 
traditionary  manner,  and  therefore  with  a  constant  liability  to 
error,  according  as  his  informer  is  well  or  ill  acquainted  with  his 
suliy'eot. 

This  paper  is  intended  to  illustrate  the  following  subjects : — 

1st.  An  account  of  the  structure  of  grasses  ;  and 

2nd.  To  offer  a  system  of  classification  or  arrangement  depen- 
dent thereupon.* 

1.  Structure  of  Grasses, — In  grasses  we  meet  with  the  following 
parts,  all  of  which,  though  tolerably  constant  in  form  in  indi* 
viduals  of  each  species,  yet  in  their  variations  in  species  make  up 
the  sum  of  those  distinctive  characters  which  enable  the  botanist 
to  separate  one  species  from  another.     Such  are — 

7%e  Sooty  or  descending  axis,  consisting  of  root  fibres  and 
rhizome. 

Culm^  or  ascending  axis,  consisting  of  stem,  with  its  nodes  and 
joints. 

Leaves,  the  appendages  of  the  axis,  consisting  of  sheath,  ligule^ 
lamina. 

Flowers,  or  reproductive  organs,  consisting  of  floral  envelopes^ 
stamens,  and  pistils. 

Seeds,  or  Fruit,  consisting  of  grains  of  various  forms  and  sizes» 

The  roots  of  grasses  usually  consist  of  small  fibres,  which,  in 
starting  from  the  seed,  burst  through  the  radicle,  or  seed-root, 
like  the  inner  valve  of  a  telescope  from  the  outer ;  this,  which  is 
called  by  botanists  Endorhizal,  from  two  Greek  words  signifying 
within  a  sheath,  may  be  well  observed  in  the  germination  of  such 
large  grasses  as  are  presented  in  the  cereals,  as  wheat,  barley^ 
&c.  Roots  are  sometimes  hard  and  wiry,  especially  in  such 
species  as  grow  in  damp  and  boggy  places ;  whilst  in  others  they 
are  exceedingly  flexile,  the  main  roots  often  creeping  great  dis- 
tances in  search  of  food,  and  then  branching  off  into  innumerable 
fibrils,  or  rootlets,  the  ends  of  which,  consisting  of  the  newest 
cells  or  growth,  form  the  spongioles,  or  suckers,  by  which  nutri- 
ment is  taken  from  the  soil  into  the  plant  system.  It  is  haice 
necessary,  in  the  cultivation  of  grasses,  that  the  soil  for  the  recep* 
tion  of  the  seed  should  be  of  good  tiltli,  and  especially  that  its 
mechanical  consistency  should  be  such  as  that  it  will  not  greatly 

*  The  description  of  Species,  with  an  account  of  their  qualities,  will  follow  in 
<mr  next  Nnmbw. 
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expand  in  moisture,  and  so  push  the  plants  out  of  place, — or  crack 
in  drought,  in  which  case  the  rootlets,  or  active  parts  in  life  and 
increase,  are  broken  away  just  at  the  period  when  they  are  most 
required.  Roots  are  without  buds,  from  which  it  will  be  seen 
that  all  the  parts  of  a  grass  which  grow  beneath  the  surface  are 
not  always  true  roots,  such,  for  instance,  as  the  runners  in  the 
common  couch  (Triticum  repens).  These  receive  the  name  of 
Rhizome^  or  underground  stems,  and  it  is  by  means  of  these  that 
the  couch  tribe  of  grasses  so  quickly  spread  from  a  conmion  and 
small  centre  into  large  patches ;  as,  though  they  creep  for  a  con- 
siderable distance,  yet  their  points  ultimately  rise  to  the  surface 
and  then  expand  new  leaves,  and,  in  fact,  form  distinct  and 
perfect  individuals,  which,  if  separated  from  the  parent,  all  the 
more  rapidly  give  rise  to  independent  colonies,  and  indeed  these 
scions  do  as  their  parent  did  before  them. 

Several  species  of  grasses  have  this  tendency,  and  consequently 
when  it  occurs  it  forms  a  good  distinctive  character.  Hence 
though  the  Triticum  repens  has  a  rhizome,  the  T.  caninum  is  only 
furnished  with  a  fibrous  root ;  some  of  the  Poos,  as  Poa  pratensis 
and  P.  compressor  have  rhizomes,  whilst  Poa  annua  and  P. 
trivialis  are  without  any  tendency  to  a  creeping  habit  of  growth. 

Agriculturally  it  is  necessary  to  distinguish  the  different  forms 
of  couch,  as  the  species  of  one  district  may  be  absent  from 
another ;  and  as  even  the  rhizome  will  vary  in  being  lai^e  or 
small,  so  will  its  eradication  much  depend  upon  its  difference  in 
form  and  habit.  However,  we  shall  hereafter  see  that  several 
species  of  grass  become  useful  from  this  very  structure  in  keeping 
together  banks  of  sea-coast,  canals,  and  the  like;  and  it  is  a 
matter  worthy  of  serious  consideration  and  careful  experiment 
whether  they  could  not  be  made  available  in  consolidating  the 
slopes  of  railway  cuttings,  which  give  so  much  trouble  and  cause 
such  constant  yearly  outlay  on  some  lines. 

Culm — Stem  (B). — ^The  stems  of  grasses  are  usually  hollow  (7&^ 
tular\  to  which,  however,  the  Molinia  ccerulea  (purple  molinia)  of 
wet  places  offers  an  exception  in  its  solid  stem.  It  is  rounded, 
except  in  Poa  compressa  (flat-stemmed  meadow-grass),  in  which 
the  trivial  name  has  been  given  from  the  oval  form  on  a  transverse 
section,  as  though  it  had  been  subject  to  compression. 

The  stem  is  separated  into  long  or  short  lengths,  called  jowi/*, 
by  the  intervention  of  nodes  (C)  (knots),  which  are  solid  and  tend 
much  to  strengthen  the  structure  of  the  plant,  to  which  end  they 
will  be  found  to  be  closer  at  the  base,  where  the  strain  would  be 
greatest  on  account  of  these  light  plants  swaying  forwards  and 
backwards  in  the  wind,  and  more  remote  upwards  in  the  culm,  from 
which  are  suspended  the  newer  and  more  active  leaves. 

Stems  may  vary  in  being  quite  smooth,  ribbed,  armed  with  hairs 
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—which  may  be  long  or  short — bristly  or  doximy^  in  proportion  as 
this  kind  of  armature  xaBj  be  coarse  or  harsh^  or  fine  and  sofi. 

The  nodes  again  may  be  of  a  different  colour  from  the  culm, 
or,  like  it,  may  be  smooth  or  armed  in  a  similar  manner. 

The  leaves  (D)  consist  of  the  following  parts : — 

D.    The  sheath,  =  petiole,  or  leaf-stalk  of  other  plants. 

D".  The  ligule,  or  tongue. 

D"'.  The  lamina,  =  blade,  or  flat  part  of  the  leaf. 

The  sheath  is  the  footstalk  of  the  leaf.  This  takes  its  rise  from 
the  nodes,  one  from  each,  arranged  on  alternate  sides  of  the  culm. 
The  whole  length  of  the  sheath,  which  is  variable,  is  folded 
around  the  culm,  from  which  it  can  be  loosened  by  unwinding, 
without  fracture,  a  circumstance  which  serves  to  distinguish  the 
grasses  from  the  sedges  {Carex),  as  the  sheath  of  the  latter  is  a 
continuous  tube,  in  which  the  solid  and  often  triangular  culm 
is  inserted,  not  folded.  This  is  a  distinctive  character  of  great 
importance  to  observe,  inasmuch  as  grasses  and  sedges  are  out- 
wardly much  alike — indeed  some  species  of  the  latter  are  called 
Carnation  Grass — but  greatly  different  in  quality ;  grasses  being 
for  the  most  part  highly  nutritious  plants,  whilst  sedges  are  not 
(mly  usually  innutritions,  but,  from  the  harshness  of  their  herbage, 
are  often  a  source  of  injury  and  annoyance  to  the  creatures  that 
from  starvation  are  sometimes  doomed  to  eat  of  them. 

The  blade — lamina — D'",  is  the  expanded  part  of  the  leaf.  It 
is  sometimes  large  and  drooping,  as  in  the  larger  or  flag-like 
grasses,  but  occasionally  it  is  very  minute,  especially  when  com- 
pared with  the  sheath,  as  in  the  Avena  pubescens  (soft  oat-grass). 
In  some  species  the  blade  is  long  and  the  sheath  short.  The 
blade  is  traversed  by  longitudinal  parallel  lines,  which  are  called 
the  leaf-veins  or  nervures :  these  may  be  broad,  narrow,  rigid,  soft, 
armed  with  rough  hairs,  and  so  on,  all  of  which  are  not  oiJy  points 
of  distinction  in  species,  but  aid  in  making  up  the  sum  of  those 
differences  which  will  ever  be  found  in  good  and  bad  pasture 
grasses :  as,  for  instance,  grasses  in  which  the  herbage  is  covered 
with  long  downy  hairs  are  mostly  poor  and  innutritions  in  quality ; 
on  the  other  hand  those  of  a  harsh  and  rigid  structure,  with  ser- 
rated leaves,  whose  edges  act  as  a  saw  and  whose  fiat  blades 
perform  the  office  of  a  file,  even  if  nutritious,  would  nevertheless 
be  refused  by  cattle  on  account  of  their  mechanical  inconvenience. 

The  ligule,  D".-^-At  the  point  where  the  sheath  ends  and  the 
blade  begins  occurs  a  thin  and  usually  white  semi-transparent 
membrane,  termed  the  ligule,  or  tongue.  This,  as  it  varies  so 
much  in  size  and  form,  will  be  frequently  referred  to  in  diagnosis 
by  some  such  terms  as  the  following: — 

Short,  in  Poa  pratensis,  smooth-stalked  meadow-grass. 

Pointed,  in  Poa  trivialis,  rough-stalked  ditto. 
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Notched^  in  Bromus  mollis^  soft  brome  or  lop  grass. 

In  pairSj  in  Ammophila  arundinacea,  common  sea-reed. 

Its  value  as  a  distinctive  character  may  be  drawn  from  an  exa- 
mination of  Poa  pratensis  and  P.  triviality  as  it  assists  at  a  glance 
to  distinguish  two  grasses,  much  alike  in  appearance,  though 
very  distinct  in  habit  and  general  properties. 

The  use  which  this  part  of  the  leaf  subserves  would  appear 
to  be  that  of  more  securely  fastening  the  upper  part  of  the 
sheath  to  the  culm,  as  without  it  the  wind  would  tear  the  leaves 
downwards,  in  which  case  their  functions  would  become  much 
disturbed,  and  they  would  soon  wither  and  die.  The  flower  in 
grasses  amsists  of  the  elements  of  an  entire  plant,  each  bunch 
or  locusta  of  flowers  being  but  a  grass  in  miniature,  consisting 
of  a  central  axis  or  stem  with  its  alternately  arranged  leaves,  the 
stamens,  pistils,  and  seeds  in  the  axils  of  which  are  but  buds ; 
this  fact  may  at  once  be  seen  in  viviparous  specimens,  such  as 
are  often  found  in  the  Lolium  perenne  (perennial  rye-grass)  and 
Cynosurus  cristatus  (crested  dog's-tail),  in  which,  instead  of 
flowers,  we  have  complete  buds,  which  we  have  indeed  detached 
and  grown  as  distinct  plants  of  their  respective  species. 

Now,  in  these  examples  the  case  is  very  different  from  that  of 
germination  in  the  ear  which  takes  place  in  laid  and  damp 
wheat,  as  in  the  latter  the  seeds  have  been  perfected,  and  ger- 
mination takes  place  from  heat  and  moisture  in  the  usual  manner ; 
but  in  viviparous  growth  the  envelopes  and  their  organs,  instead 
of  growing  seeds  on  the  principle  of  arrested  development,  go 
on  growing  into  branches,  and  no  seed  is  consequently  per- 
fected. 

Flowers  consist  of  the  following  parts : 

Glume  «=outer  chaff-scales 

Glumel  s=inner  chaff-scales 

Stamens 

Pistils 

Seeds  «=  grain=reproductive  organs. 

Floral  envelopes^  upon  the  theory  just  enunciated,  ooosist  of 
metamorphosed  leaves;  they  are  arranged  in  pairs,  and  eadi 
scale  starts  from  an  opposite  side  of  the  central  axis,  but  not 
from  the  same  point.  The  outer  pair  subserves  the  same  use  as 
the  calyx  in  other  plants,  and  receives  the  name  of  calyx,  glume 
(E) ;  the  inner  pair,  or  pairs — for  sometimes  several  occur  in  a 
single  glume — is  termed  glumel,  and  the  pieces  of  which  either 
are  formed  obtain  the  name  of  valves,  the  lower  one  being  the 
outer  and  the  upper  one  the  inner  of  each  respectively. 

The  glumes  differ  in  shape,  and  in  the  presence  or  absence  of 
longitudinal  lines  or  ribs;  it  may  be  large  enough  to  include  or 
conceal  the  glumel,  or  it  may  be  considerably  smaller  than  the 


Floral  envelopes. 
'  Fertilizing  organs. 
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latter.  Again,  the  outer  and  inner  valve  may  vary  in  size  and 
shape,  and,  indeed,  present  many  differences  which  will  be  ex- 
plained in  simple  language  in  the  descriptions  of  species. 

The  glumel  (F),  corolla^  is  subject  to  like  differences  in  form  and 
proportion,  facts  which  can  only  be  well  explained  with  a  speci- 
men in  one*s  hand ;  and  it  should  not  be  forgotten  that  in  grasses 
we  have  to  deal  with  plants  which,  though  simple  in  their  struc- 
ture, present  such  minute  differences  that  the  eye  must  become 
by  use  accustomed  to  examine  and  trace  them,  and  as  so  many 
characters  are  necessarily  derived  from  such  important  organs 
as  the  flowers,  which  are  often  small,  even  a  pocket  lens  will  fre- 
quently be  required  to  assist  the  ordinary  vision.* 

The  glumel  is  often  found  to  be  armed  by  a  projecting  spine 
or  beard ;  this  is  of  greater  or  less  length,  and  is  termed  the 
<iicn,t  and  may  be  well  observed  in  bearded  wheat  and  in  both 
wild  and  cultivated  barleys.  This  organ,  when  long  and  stiff, 
and  armed  as  it  is  sometimes  with  projecting  spiculce^  renders 
grasses  where  they  occur  exceedingly  objectionable,  especially 
for  hay,  though  the  grass  may  be  good  if  kept  from  flowering  by 
constant  depasturing;  such  are  the  species  of  Hordeum  (wild 
barley). 

The  fertilizing  organs  consist  of  the  stamens  (H)  which 
possess  the  following  parts : — 

a.  The  filament  (H'),  or  thread  which  supports 

ft.  The  anther  (H"),  or  case  in  which  is  secreted 

c.  The  pollen,  or  fecundating  dust 
The  filament,  by  reason  of  its  length,  may  cause  the  anther 
to  be  exserted  or  standing  out  from  the  flower,  or  from  its  short- 
ness to  be  inserted  or  included  in  its  valves,  the  anther  may  be 
varied  in  its  colour  as  follows : — J 

Colourless,  Poa  annua^  annual  meadow-grass. 

Flesh  colour,  Phletan  pratense^  Timothy  grass. 

Rose  in  Alopecurus  pratensisj  meadow  foxtail. 

Purple  in  Aira  ctBspitosa^  hassock  grass. 

Yellow,  Bromus  mollis^  soft  brome,  and  most  grasses. 

Orange,  Bromus  erectus,  upright  brome. 

The  pollen  is  usually  of  a  light  straw  colour,  but  as  it  cannot 

be  well  examined  without  a  tolerably  good  microscope,  and  even 

then  would  offer  but  doubtful  specific  characters,  it  need  not  be 

further  mentioned  here.     In  our  British  species  of  grasses  we 

*  For  this  purpose  a  lens  of  ordinary  power  wiH  snffice,  jnch  as  may  be  par- 
chased  at  the  optician's  for  aboat  9d. 

t  The  awn,  when  present,  may  represent  the  Uade  of  a  leaf,  whikt  the  fjhame 
and  glumel  are  the  representatives  of  the  sheath. 

X  The  edonr  varies  much  m  the  same  species,  some  being  more  liaUe  to 
^nriation  thaa  others. 
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Poa  pratensis. 


find  three  stamens,  with  but  very  few  exceptions,  to  each  floret^ 
and  hence  grasses  belong  to  the  Linnaean  class  Triandria, 

The  Pistil  (K)  consists  of  a  style,  which  is  in  one  or  as  it 
were  split  into  two  parts,  each  surmounted  by  a  stigma  (JK!) 
either  pointed  or  feathery ;  they  are  mostly  very  pale  in  colour, 
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but  occasionally  highly  tinted.  As  our  British  grasses,  with  but 
one  exception  in  Nardus  striata^  heath  grass,  possess  two 
stigmata^  so  they  belong  to  the  Linnaean  order  Digynia. 

Seeds  are  sometimes  loose  in  the  chaff-scales,  as  in  the  wheat ; 
in  others  the  glumel  is  adherent,  as  in  barley  ; — a  circumstance 
which  may  explain  how  readily  wheat  grain  is  shed  when  *  dead 
npe/  as  the  attachment  of  the  seeds  to  the  chaff-scales  is  much 
less  firm  than  that  of  the  flower  to  the  flower-stalk :  these  facts 
fully  justify  the  process  of  reaping,  as  involving  more  care,  for 
the  former,  and  of  the  rougher  method  of  mowing  for  the  latter ; 
this,  however,  is  now  calculated  as  a  matter  of  expense,  and  not 
one  of  mere  waste. 

For  the  sake  of  perspicuity  the  following  resume  of  parts  is 
added,  with  references  to  our  figure : — 

Root  (Fibres,  A The  true  root  fibres. 

\Rhizome     ....  Creeping  underground  stem. 

(Culm,  B The  whole  aboveground  stem. 
Joint A  single  length  from  node  to  node. 
Node,  C The  hard  knot  between  joints. 

! Sheath,  I/.     ..  The  folding  portion  of  a  leaf. 
Ligule,  !>'.     ..  The  tongue  of  the  leaf. 
Blade,  I>".     ..  The  lamina,  or  free  part  of  leaf. 
Floral       ( Glumes,  E.    ..  The  outer  cbafif-scales,  in  pairs. 
Envelopes    (Glumels,  F.   ..  The  inner  chaflf-scales,  ditto. 

{Filament,  H!. .,  The  thread  supporting  the  anther. 
Anther,  H".   ..  The  pouch  containing  the  xx)Ilen. 
Pollen The  fertilizing  dust. 

p.  ..1  /Style,  K* The  support  of  the  stigma. 

risiii    ....  jgtig™   Kr^   . .  The  receptacle  for  the  pollen. 

Seeds,  1 The  reproductive  organ. 

N.  A  barren  shoot..  ..A  flowerless  branch. 


Fertilizing 
organs. 


Inflorescence. — ^Thus  far  we  have  described  the  separate  parts 
of  the  structure  of  grasses ;  we  have  now  to  point  out  the  terms 
used  to  designate  these  in  aggregation,  which  will  be  briefly 
considered  under  the  following  heads  : — 

a.  Herbage^  that  is  the  leaf  portion,  principally  concerned 

in  pasture. 
h.   Culrns^  or  parts  which  grow  upright,  and  make  up  so 

much  of  the  bulk  and  weight  of  hay. 
c.  Heads  ofjloicersy  the  various  forms  which  they  assume. 

a.  The  quality  of  grasses  depends  so  much  upon  the  quantity 
and  physical  character  of  the  herbage,  that  for  agricultural  pur- 
poses these  should  always  be  noted  with  great  care ;  hence,  if 
for  hay,  both  bulk  and  quality  is  much  influenced  by  luxuriant 
leafage,  a  character  in  which  grasses  will  be  found  to  diflfer  in  a 
remarkable  degree ;  if  however  this  be  rough  and  unpalatable, 
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that  is,  the  ^  sour  grass  '  of  the  fanner,  no  mister  how  great  its 
quantity,  such  should  be  discouraged.  Again,  if  for  depasturing, 
it  will  be  necessary  to  note  such  facts  as  longe^nty^  and  how  the 
species  succeeds  in  sending  up  herbage  under  continual  mutila- 
tion by  feeding  off. 

Most  grass  meadows  are  sometimes  mown  for  hay  and  then 
depastured  in  the  shape  of  (rftermaih^  whilst  in  some  years  no 
hay  crop  is  taken,  so  that  it  is  necessary  to  encourage  \h&  growdi 
of  all  such  species  as  will  be  found  adapted  to  our  soil,  and 
will  there  yield  us  the  best « return  in  both  hay  and  herbage. 
Connected  with  this  part  of  the  subject  we  must  not  omit  dura-^ 
tion  ;  as  for  permanent  pasture  perennial  graces  are  absolutely 
necessary,  annual  species  having  nothing  to  recommend  them. 

b.  The  Culms  of  grasses,  whether  hard  and  wiry^  or  soft  and 
pliable,  bitter  or  saccharine^  scanty  or  abundant^  should  also  re- 
ceive attention,  as  hay,  both  in  quality  and  bulk,  will  much 
depend  upon  these  circumstances. 

c.  Heads  of  flowers. — ^These  are  aggregated  from  single  loctistce^ 
spikelets,  or  smaller  bunches  or  bundles  of  flowers  which  may 
vary  in  the  following  manner  r — 

a.  A  single  glumel  to  each  pair  of  glume-valves. 

b.  Two  glumels  and  sets  of  flowers  to  a  pair  of  glumes. 

c.  Three  or  more  glumels  to  each  pair  of  glume-valves. 

Each  flower,  or  loeusta  of  flowers,  as  b  and  c  would  be  termed, 
may  be  attached  to  the  stem  in  various  ways  : 

a.  On  short  upright  footstalks  (pedicels),  in  which  the  flowers 
unite  into  a  compact  head,  called  a  ipt'A^-— example.  Foxtail 
grasses. 

b.  On  longer  upright  footstalks  (pedicels)  forming  an  upright 
panicle,  as  in  Bromus  mollis,  soft  brome. 

c.  On  long  and  flexile  footstalks  (pedicels)  a  drooping  panicle, 
as  Bromus  asper,  rough-stalked  brome. 

2.  Classification, — In  a  large  group  of  plants,  like  the  grasses, 
their  study  necessitates  their  arrangement  into  smaller  groups  or 
bundles  in  oraer  to  facilitate  their  analysis,  to  which  end  various 
characters,  more  or  less  minute,  have  been  dwelt  upon  by  different 
authors.  We  here  choose  the  method  of  arrangement  that  appears 
to  us  as  the  most  simple,  making  use  of  the  foregoing  descrip- 
tions and  terminology  as  our  guide. 

A. — Stameot,  2.    Styles,  2. 

1.  Anthoxanthum — panicle  spicate. 

2.  Hierochloe — panicle  lax. 

B. — Stamens,  3.    Style,  1. 

3.  Nardns — spike  unilateral. 
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€. — Stambkb,  3.    Stylsb,  2« 

*  Spikelets  single  flowered, 
t  Fiowert  spiked, 

4.  Leersia — glumes  absent. 

5.  Alopecurus — ^spicate,  glumes  ccmnected  at  tbe  base,  spikB  oompact. 

6.  Fhteum — spicate,  gimnes  distinct,  spike  compact. 

7.  Ammopbila — spicate,  glomes  pointed,  with  a  tnft  of  hairs  at  the  base, 

spike  compact. 

8.  Lagurus — spicate,    glumes  with  long  bristly  [points,  spike  short  and 

compact. 

9.  Phalaris — spicate,  glumes  broad,  glistening  seeds,  smooth,  spike  less 

compact. 

10.  Oattridium — spicate,  glumes  swelling  at  the  base,  spike  less  compact. 

11.  Folypogon — spicate,  outer  glume  awned,  spike  less  compact. 

ft  Flowers  paniculate,  more  or  less  lax. 

12.  MiUum — panicle  spreading,  glumes  herbaceoas. 

13.  8tipa — ^panicle  erect,  glumes  coming  out  to  a  fine  point,  inner  glumel 

with  an  awn  ten  times  the  length  of  the  flower. 

14.  Calamagrostis — panicle  loose,  glumes  surroi^ided  by  silky  hairs. 

15.  Agro9ti» — ^panicle  loose,  glumes  lancet-shaped,  nearly  equal. 

+tt  Flowers  spicate,  arranged  on  two  sides. 

16.  Bottbolia — spikelets  alternate,  glumes  equal. 

tttt  Spikelets  arranged  unilaterally. 

17.  Spartina — spikelets  unilateral,  glumes  unequal. 

18.  Cynodon — spikelets  in  alternate  pairs  on  one  side,  glumes  very  unequal. 

19.  IHgitaria — spikes  branched,  spikelets  alternate  on  one  side,  glumes  very 

unequal. 

^^  Spikelets  with  one  or  two  perfect  florets,  sometimes  with  one  or  additional 

florets,  which  are  imperfect. 

ft  Fertile  flowers,  one ;  imperfect  flowors,  one  or  two. 

20.  Seiaria — panicle  spicate,  flowers  surrounded  by  bristles. 

21.  Panicum — panicle  spicate,  spike-branched  glumels,  with  short  hairs. 

22.  Jlb^tfita— panide  oontracted  but  not  spicat^  ^mnes  acute. 

23.  Mdioa — panicle  lax,  glumes  rounded. 

24.  Catabrota — ^panicle  spreading,  glumes  obtuse. 

25.  Aira — panicle  spreading,  glumes  unequal  in  size. 

26.  Triodia — ^panicle  of  few  i^iuke,  which  are  large  and  tumid. 

27.  Hcieus — ^panicle  lax,  florets  soft,  with  downy  hairs. 

28.  Arrktmatherwm — ^panicle  lax,  glumes  and  glomes  with  bifid  or  notched 

pointa. 

29.  Seueria — panicle  spicate,  glumes  with  trifid,  glumels  with  bifid  points. 

30.  Cyfumirtu — panicle  spicate,flowers  hidden  in  a  comb-like  shield,  involucre 

of  botanists. 

*•*  Spikelets  {locu8ta:\  with  three  or  more  perfect  flowers, 
t  SjHkelets  forming  bilateral  spikes. 

31.  Elymus — spikelets  (I.')  in  twos  or  threes,  both  yalves  of  tiie  ^tune  on  one 

side  of  the  spikelet. 

32.  Hordeum — spikelets  (IJ)  in  threes,  of  which  only  the  central  one  is  p^ect. 

33.  Triticum — spikelets  (I.)  alternate  on  the  central  aoda  (rachis),  glumes 

transverse  to  it. 

34.  -BracAypoditiwi— spikelets  (I.)   iltemate  on  tJie  central  axis  (rachi8\ 

glumes  transverse  to  it. 
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35.  Ldium — spikelets  (I,)  alternate,  not  transverse,  each  with  a  single  glume, 
tt  Flowers  paniculate,  panicle  more  or  less  lax, 

37.  Poa — ^panicle  lax,  glumes  unequal  valves,  the  inner  glumel  notched  at  the 

extremity. 

38.  Briza — ^panicle  lax,  glumes  equal,  timiid. 

39.  Dactylis — panicle  somewhat  compact,  glimies  pointed,  ^glumeb  awnless. 

40.  Festtica — ^panicle  hx;  glimies  finely  pointed,  glimiel  with  a  short  awn. 

41.  Bromus — ^panicle  lax,  glumes  more  or  less  rounded,  outer  glumel  with  a 

long  awn,  inner  one  edged  with  fine  hairs. 

42.  Avena — panicle  more  or  less  lax,  glimies  thin,  transparent  membrane, 

glumels  adherent  to  the  seed. 

43.  Fhragmites — ^panicle  more  or  less  compact,  glumes  and  glumels  finely 

pointed,  the  latter  very  unequal. 

Now,  in  the  foregoing  Table,  we  have  arranged  43  genera, 
which  will  be  found  to  include  about  125  species.  Of  these 
however  only  about  20  genera,  containing  not  more  than  40 
species,  will  be  found  to  possess  any  particular  interest  in  an 
agricultural  point  of  view ;  only  these  therefore  will  be  fully 
described  in  our  forthcoming  paper,  and  their  properties  and 
capabilities  pointed  out,  whilst  sufficient  reference  will  be  made 
to  the  remaining  species  to  enable  the  student  to  refer  them  to 
their  proper  places. 

Cirencester^  March,  1856. 


VII. — On  the  Boots  of  the  Wheat  Plant.  By  James  Buckman, 
F.G.S.,  F.L.S.,  Professor  of  Geology  and  Botany  in  the  Royal 
Agricultural  College. 

Prize  Essay. 

Wheat  and  all  our  cereals  belong  to  that  division  of  the  endoge- 
nous or  monocotyledonous  class,  which,  from  their  glumes  or  chaff 
scales,  have  received  the  name  of  fflumales.  This  class  is  distin- 
guished by  endogenous  stems,  non-separable  bark,  pars^lel-veined 
leaves,  and  an  ovary  of  a  single  cotyledon. 

The  natural  order  includes  the  carex  or  sedge  family  (cyper- 
acece)  ;  but  the  grass  family  (graminacece)  is  distinguished  as 
follows : — 

1.  GraminacecB, — Evergreen  herbs,  with  cylindrical  and  usu- 
ally fistular  stems  closed  at  the  joints.  The  stems  are  covered 
with  a  coat  of  silex  and  are  sometimes  solid.  Leaves  narrow, 
undivided,  with  a  split  sheath,  and  a  membranous  expansion 
{ligule)  starting  alternately  from  the  joints  {nodes). 

2.  Cyperacece. — Grasslike  herbs,  with  solid  stems,  seldom  with 
partitions  at  their  nodes,  frequently  angular.  Leaves  narrow,  im- 
divided,  and  when  wrapping  round  the  stem  it  is  with  a  tubular 
and  not  a  split  sheath. 
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Diagram  1.— Grain  of  Wheat  j. 


The  com  or  cereal  grasses  are  cultivated  for  their  seeds,  which 
consist  of  the   following   parts : — the  perisperm   (diagram    1  a), 
which  supports  ft,  the  embryo^ 
with  its  radicle,  c,  from  which  in 
germination  proceed  the  roots  ; 
and  dy  a  plumule  or  bud,  which 
forms  the    ascending   axis   to 
support  the  leaves,  and   ulti- 
mately  flowers   and   fruits   or 
seeds.      These    parts    are   in- 
cluded in  an  integument  of  two 
membranes    {e\    which,    after 
grinding,  in  wheat,  is  left  as 
the  bran. 

Now,  in  a  perfectly  well-formed  grain  of  wheat,  the  exterior 
will  be  plump  and  rounded,  the  integuments  unbroken  and  not 
shrivelled.  But  grain  of  all  kinds  is  liable  to  be  poor  and  thin, 
and  so  capable  of  yielding  but  little  feculent  matter,  a  principle 
upon  which  its  feeding  properties  and  commercial  value  mainly 
depend.  And  it  is  also  Subject  to  many  forms  of  disease,  one  of 
which,  er^ot,  results  in  a  most  exaggerated  form  *of  the  grain, 
and  converts  what  would  otherwise  be  nutritious  constituents 
into  matter  that  is  said  to  act  as  a  virulent  poison. 

Amongst  all  the  cereals,  wheat  takes  the  highest  rank,  a  posi- 
tion to  which  it  is  entitled  from  the  quantity  and  agreeable 
nature  of  the  nutritive  seeds,  as  also  from  the  strength  of  consti- 
tution of  the  plant,  being  suited  to  almost  every  climate,  and 
cultivated  in  most  degrees  of  latitude  from  the  torrid  to  the 
frigid  zone. 

This  general  adaptability  to  different  climatal  circumstances 
is  not,  as  might  at  first  be  supposed,  due  to  a  long  list  of  distinct 
species,  as  it  is  doubtful  whether  all  wheats  ought  not  to  be  com- 
prehended under  one  specific  form;  but  its  very  liability  to 
change  of  form  and  habit,  that  is,  its  facility  of  making  varieties 
under  different  methods  of  cultivation,  such  as  sowing  in  autumn 
or  spring.  Its  distinctive  constitution,  such  as  hardy  and  delicate, 
derived  from  the  difference  in  climate  of  its  accustomed  place  of 
growth,  and,  indeed,  even  the  varied  proportionals  of  the  che- 
mical constituents  of  different  forms,  are  all  so  many  changes, 
induced  by  the  action  of  external  circumstances  upon  a  species 
of  plant  highly  susceptible  of  such  influences,  with,  at  the  same 
time,  a  wonderful  facility  of  preserving  the  identity  of  each  form 
where  such  conditions  are  constant. 

It  was  for  some  time  considered  that  wheat  belonged  to  the 
genus  triticum,  perhaps  from  the  form  of  its  spike  of  flowers  and 
the  peculiar  flavour  of  its  herbage :  this  latter  fact,  which  be- 
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comes  apparent  upon  crushing  the  leaves  of  a  young  wheat  plant 
or  leaves  of  the  couch — triticum  repens — in  a  peculiar  disagreeable 
odour,  is,  doubtless,  derivable  from  the  presence  of  an  essential 
oil,  to  which  we  may  perhaps  attribute  the  medicinal  propertiei 
which  cause  the  emetic  action  on  dogs;  and  this  unison  of 
quality  in  the  herbage  of  wheat  and  the  wild  triticums  would 
at  least  lead  to  the  inference  of  the  affinity  of  the  plants  pro* 
ducing  it. 

Wheat  has  of  late  been  decided  upon  as  belonging  to  the  genns 
.^E^lopSy  perhaps  all  our  forms  having  been  produced  from  the 
.^^ilops  ovata.  Upon  this  subject  a  beautifully  illustrated  paper 
will  be  found  in  the  Royal  Agricultural  Society's  Journal,  with  a 
detailed  account  of  the  experiments  by  which  the  changes  from 
the  wild  grass  to  the  cultivated  wheat  were  produced  by  M» 
Fabre. 

There  can  now,  therefore,  be  no  doubt  as  to  the  origin  of  onr 
cultivated  cereal,  and  as  the  author  of  this  Essay  has  the  a^;ilopa 
in  cultivation  he  would  add  that  he  sees  no  difficulty  in  receiving 
M.  Fabre's  condusiona. 

These  prefatory  remarks  have  been  made  as  concise  as 
possible  consistently  with  tracing  the  botanical  position  and 
origin  of  wheat.  I  shall,  therefore,  now  proceed  with  more  par^ 
ticular  details  in  an  essay  on  the  development  of  the  roots  of 
wheat  in  cultivation,  adopting  the  following  divisions,  as  pro- 
posed by  the  Royal  Agricultural  Society,  in  the  consideration  of 
the  subject. 

1st.  Characteristics   of  roots  of  autumn  and  spring  sown 

wheats. 

2nd.  Acclimatization. 

8rd.  Development  to  what  extent  aiSected  by  top-dressings 

at  various  periods  of  growth. 

4th.  Lifting  action  of  frost,  commonly  called  throwing  ont. 

1.  Cliaracteristics  ofRootSy  Sfc. — In  describing  this  subject  it 
will  be  well  to  point  out  the  facts  connected  with  seed-sowing 
and  its  progress  in  the  following  order : — 

a.  The  preparation  of  the  seed. 

b.  The  processes  connected  with  germination. 

c.  The  after  development  of  winter  and  spring  wheat. 

a.  There  is  no  plant  more  liable  to  attacks  from  epiphytety 
commonly  called  blights,  than  wheat,  and  experience  has  taught 
the  farmer  that  various  chemicals — such  as  the  eatutie  alioKSy 
salts  of  copper,  iron,  and  arsenic — if  used  as  a  pickle  to  the  seed 
previous  to  sowing,  prevents  blight ;  and  this  is  attempted  to  be 
explained  upon  the  assumption  that  these  matters  kill  the 
sporules  of  the  fungi,  but  my  own  experiments  upon  this  subject^ 
together  with  careful  investigation,  seem   to  warrant  the  conclu* 
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aioii  that  the  beneficial  action  of  these  substances  depends  upon 
their  destroying  the  germinating  power  of  malformed  and  dis- 
eased seeds. 

About  three  years  since  I  planted  four  plots  of  wheat  in  the 
following  order : — 


Much  diseased 

wheat,  without 

pickle. 


2. 


Much  diseased, 

treated  with 

sulphate  of  copper. 


3. 


4. 


Perfect  picked 

seed,  without 

pickle. 


Perfect  picked 

seed,  with 

sulphate  of  copper. 


The  results  of  these  experiments  were  as  under  : — 

Plot  1.  Much  of  the  seed   germinated,  but  the  crop  was 
much  blighted,  both  in  straw  and  grain :  in  fact,  scarcely 
a  perfect  ear  of  the  latter. 
Plot  2.  A  very  small  quantity  of  the  seed  germinated,  the 

few  resulting  ears  were  free  from  blight. 
Plot  3.  Germinated,  with  a  good  and  clean  resulting  crop. 
Plot  4.  The  same  result  as  Plot  3. 
These  experiments  show  that  the  pickling  of  wheat  destroys 
the  seed  so  as  to  prevent  germination  when  the  seed  is  diseased 
or  ill-formed ;    but  if  perfect  seed  were  always  employed,  no 
pickling   is  at   all   necessary,    it   being   perfectly   true    that   a 
diseased  progeny  must  result  from  an  imperfect  stock  in  plants 
no  less  than  in  animals. 

In  committing  the  seed  to  the  ground,  theory  confirms  the 
practical  propriety  of  sowing  neither  too  shallow  nor  too  deep^ 
as  the  former  renders  it  exceedingly  liable  to  be  eaten  by  birds ; 
and  if  so  shallow  as  to  be  exposed  to  light  and  air,  the  chemical 
changes  attendant  upon  germination  are  not  so  carried  on  as  to 
ensure  the  best  results.  If,  again,  it  be  sown  too  deep,  though 
the  first  evil  be  avoided,  yet  germination  beyond  a  certain  depth 
is  next  to  impossible,  and  if  brought  about  the  following  evil  is 
sure  to  result,  namely,  the  re-rooting  takes  place  at  the  upper 
joints,  and  the  lower  parts  of  the  original  stem  and  roots  die 
away,  thus  causing  a  great  loss  in .  the  vitality  of  a  plant  so  cir- 
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circumstanced,  as  may  be  seen  in  the  annexed  diagram,  y 
the  rooting  process  is  just  commencing. 


Diagram  2  (two*  thirds  of  the  actual  size).>-Blade  of  wheat  rooting  badly  from  deep  son 
a  a,  Joint  roots. 

This  evil,  however,  rectifies  itself  to  a  considerable  ext 
winter  sown  wheat,  but  in  spring  wheat  deep  sowing  a 
irretrievably  weakens  the  crop,  as  there  is  not  time  to  re 
the  evil  in  the  way  pointed  out. 

Upon  this  subject  the  following  experiments  by  Petri  mi 
be  inaptly  quoted : — 


Seed  sown  to 
the  depth  of 

i  inch 

1 

2 

3 

4 

5 

6 


Game  above  Number  of  plants 

ground  in  that  came  up. 

11  days   Jths. 


12 
18 
20 
21 
22 

2a 


All. 

Iths. 

iths. 

4ths. 

Iths. 

ith. 
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This  table  demonstrates  what  I  have  found  in  my  own  experi- 
ments in  wheat  planting — ^that  from  1  to  2  inches  is  the  best 
depth ;  beyond  this  the  plant  becomes  liable  to  joint-rooting,  and 
besides  losing  much  time  in  coming  up  they  become  thin  and 
attenuated  and  do  not  stool  or  tiller^  or  if  so  this  process  is  weak 
and  irregular,  inasmuch  as  the  lateral  buds  proceed  from  the 
a^s  of  the  leaves,  as  in  diagram  2  aa;  and  if  one  bud  succeed 
another  from  below  upwards/decay  of  some  buds  and  irregularity 
in  the  growth  of  others  is  the  result ;  if  only  the  upper  bud  suc- 
ceeds, which  is  the  general  case,  much  time  is  lost  in  the  rectifi- 
cation of  the  plant  by  the  decay  of  its  lower  parts. 

b.  The  seed  having  been  sown  as  evenly  as  possible  at  the 
required  depth  the  following  changes   take   place.     The  grain 
begins  to  obtain  moisture  from  the  soil,  and  consequently  en- 
larges in  size  :  in  a  few  days  the^  embryo  shows  a  great  changp, 
in  that  it  has  become  enlarged  both  above  and  below,  the  lower 
part  soon  protruding  as  a  rootlet,  the  upper  as  a  bud,  quickly  to 
develope  leaves.      Coincident  with  this  proceed   the   chemical 
changes  in  the  cotyledon,  from  which  the  germ  is  supplied  with 
its  food  until  the  roots  on  the  one  hand,  and  the  leaves  on  the 
other,  become  capable  of  acting,  the  one  as  purveyors,  and  the 
other  as  eliminators  of  that  food  with  which  the  plant  may  be 
surrounded  in  the  soil  and  the  atmosphere,  and  upon  whicb 
depends  its  after  welfare. 

If  wholesome  plant-food  be  in  the  soil,  it  progresses  favour- 
ably ;  if  the  reverse,  disease  or  death  will  be  the  result.  If  the 
supply  of  these  be  insufficient,  the  produce  is  small ;  if  too 
great,  we  get  blighted  leaves  and  straw,  with  too  small  a  pro- 
portional of  com.  If  bad  seed  be  sown,  we  have  a  diseased  and 
malformed  plant,  resulting  in  thin,  diseased,  and  consequently 
blighted  grain.  All  this,  however,  depends  upon  the  air  the 
plants  get  to  breathe  ;  if  full  of  noxious  vapours,  they  die ;  a 
small  quantity  of  such  gases  as  sulphuretted  hydrogen,  sulphurous- 
acid  gas,  and  muriatic  acid  gas,  acting  as  a  poison,  and  thus 
preventing  wheat  from  being  grown  in  the  neighbourhood  of 
some  chemical  and  manufacturing  works. 

c.  We  now  enter  upon  a  more  minute  description  of  the  sub- 
sequent changes  that  take  place  in  the  growth  of  wheat  roots. 
Alter  the  radicle  a,  diagram  3,  has  burst  through  the  in- 
tegument lateral  rootlets  begin  to  develope  themselves  to  its 
right  and  left,  which,  in  their  young  state,  are  but  sheaths  from 
which  protrude  the  true  roots  ft,  this  method  of  growth  being 
distinguished  by  the  botanist  as  endorrhizaly  from  the  Greek 
word  Bviovj  within,  and  is  a  characteristic  of  endogenous  plants, 
especially  of  the  grasses.  These  roots  elongate  for  a  greater 
or  less  length  without  branching,  when  slight  projections  mani- 
VOL.  xvn.  N 
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fest  themselves,  throngh  which  shoot  branches  (Jibres)y  which 
themselves  go  through  the  same  process  of  branching,  giving 
rise  to  (Jibrtie)^  a  process  which  will  be 
the  better  understood  by  examining  the 
following  diagrams. 

Now  during  winter  this  root  develop- 
ment is  fast  or  slow,  according  as  the 
weather  is  open  or  mild,  and  cold  and 
frosty.  In  cold  weather  it  is  nearly 
quiescent ;  a  few  mild  days,  however, 
result  in  one  or  more  fresh  roodets  bud- 
ding from  near  the  base  of  the  old  ones, 
coincident  with  which  a  bud  starts  from 
the  axil  of  the  first  leaf. 

If  the  plant  be  hardy,  each  of  its  eaiiy 
leaves  may  develope  a  like  bud,  when 
new  roots  will  also  start  for  their  nutri- 
tion, until  we  have  the  initiative  of 
several  beads  of  wheat  from  a  single 
seed.     (Diagram  5,  figs.  1,  3,  a,  a.) 

Thus  we  have  in  the  early  growth 
of  wheat   the    two   organs,   roots  and 
Diagram  3<-Gkrmiiuiting  Wheat,     leaves,  keeping  pace  with  each  other  in 
a.  Radicle^  p^'^l^^^^^**       their  development,    new  buds   always 


Fig.  2.  Fig.  3. 

one-third  of  the  actual  size).— Winter  wheat  sowd  at  different  tfanes. 

January,  l8se  Flft.1.    Felnwry,  iflUL 

0.  Rootlets.  b.  Root  fibres.  c.  Fibrils. 


Mg.1. 

Diagram  4  (one- 
Fig.  3.   8epteinbei;l865.  F^;.2.    Jannary,  l8se 
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cauaing  the  ftftartinif  of  new  roots,  'vfaikt  the  older  roots  htfanch 
into  fitures  and  fibi^s;  still  farther  removed  from  the  cenftre  of 


Fig.  2. 


FIg.1. 


DUgramS.- 


,  a,  a.  Buds  starting  firom  iha  axilla  of  the  root-leaTOk  wUch  ate  toned  back 
to  show  them. 


growth,  the  older  rootlets  providing  for  the  necessities  of  the 
primitive  plants,  whilst  the  newer  ones  take  care  of  the  more 
recent  buds. 

This  process  of  tillering  is  much  interfered  with  by  the  follow- 
ing causes.  A  too  thick  sowing,  like  thick  planting  of  trees, 
causes  the  plants  to  grow  up  thin  and  emaciated,  and  thus  the 
central  axis  is  elongated ;  in  which  case  the  lateral  buds  are  not 
usually  brought  to  perfection,  or,  if  they  do  grow,  it  is  only  thin 
and  irregularly,  and  without  a  disposition  to  rebranch ;  for  it 
must  be  remembered  that  when  lateral  branches  are  strong  they 
in  turn  give  off  others. 

The  thin  mode  of  growth  is  induced  in  even  thin  sowing  with 
a  very  mild  autumn  and  winter,  when  the  wheat  is  called  winter- 
proud.  Here,  then,  the  winter  has  not  succeeded  in  sufficiently 
crippling  the  upward  growth  of  the  plant ;  that  is,  its  develop- 
ment  has  not  been  arrested,  and  this  explains  the  principle  upon 
which  a  hard  winter  is  often  beneficial  to  the  wheat  crop,  and 
which  has  hitherto  been  attributed  to  slugs  and  insects  being 
killed  by  the  frost.  Upon  this  point,  however,  it  may  be  re- 
marked, that  the  winter  of  1854-5  was  one  of  the  severest  of 
late  years,  yet  insect  life  in  the   summer  of  1855  was  more 
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prolific  than  usual,  the  fact  being,  that  for  many  weeks  the 
ground  was  so  hard  and  frozen  that  the  natural  enemies  of  tbese 
creatures  were  starving,  such  as  birds,  whilst  the  dormant  insects 
suffered  compara- 
tively little,  and 
were  thus  ready  to 
come  forth  in  my- 
riads in  early  sum- 
mer. 

The  foregoing  re- 
marks upon  winter- 
proud  wheat,  or 
otherwise  a  poor 
crop,  explain  the 
action  of  feeding  off 
thin  or  improperly 
tillered  wheat  by 
sheep,  a  mode  of 
farming  which  in 
some  districts  is 
attended  with  the 
most  beneficial  re- 
sults; whilst  even 
the  most  unsparing 
use  of  the  scythe 
we  have  seen  to 
work  wonders  from 
a  like  cause. 

Now  as  the  processes  hitherto  described  are  dormant  or  active 
in  proportion  as  the  weather  is  colder  or  warmer,  no  sooner  does 
the  open  weather  of  spring  commence  than  a  renewed  action  sets 
in  in  the  growth  of  the  wheat-plant.  Many  of  the  older  fibres 
die  in  the  winter,  but  in  the  spring  new  rootlets  are  pushed  out, 
fresh  fibrils  branch  from  the  fibres,  and  new  buds  are  produced. 
This  action  goes  on  until  the  central  axis  has  considerably 
elongated  itself,  when  tillering  ceases  and  the  whole  energy  of  the 
roots  is  devoted  to  supply  the  plant  now  rendered  larger  by 
increased  leaves  and  increasing  stems,  when  tillering  altogether 
ceases,  and  the  tillered  stems,  varying  from  5  to  20,  or  even 
more,  according  to  circumstances,  produce  ears  of  grain,  which 
ripen  pretty  much  at  the  same  time. 

In  oats,  lateral  branches  start  from  the  axils  of  the  leaves  above 
ground,  and  hence  tillered  oats  are  mostly  mixed  with  ripe  and 
unripe  branches. 

These,  then,  are  the  circumstances  usually  attendant  upon  the 
growth  of  autumn-sown — usually  called  winter-wheat — it  now 


Diagram  6. — A  lengthened  axis  of  growth, 
a,  a,  a.  Buds.       h,  b,  h,  Bootlets. 
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remains  to  consider  the  difference  in  these  respects  in  that  sown 
in  spring. 

In  dealing  with  this  question  we  must  not  forget  that  spring 
<ind  autumn  wheat  are  not  specifically  distinct^  and  that  both  the 
one  and  the  other  may  be  sown  in  any  month  of  the  year ;  a 
subject  upon  which  I  have  experimented  again  and  again^  and 
thus  given  a  spring  wheat  the  habit  of  a  winter  one,  and  the 
reverse. 

The  following  experiments  with  Red-Lammas  wheat  was 
carried  out  by  myself  in  1851-2.  A  plot  of  5  yards  square 
was  drilled  at  9  inches  apart  on  the  14th  day  of  each  month 
of  the  year:  if,  however,  that  fell  on  a  Sunday  the  next  day 
after : — 

\ 
Table  of  the  Growth  of  Wheat  in  each  Month  of  the  Year. 


Tears. 

Month. 

Height 

Length  of 
Head. 

Bemarks. 

Ft.    In. 

1851 

Jone         ..      .. 

3       5 

3 

Clean  straw. 

Jnly         .-.      .. 

2     10 

2 

Ditto. 

August     ..      .. 

4       1 

4 

Ditto. 

September 

3     11 

4 

Ditto. 

October    ..      .. 

3     10 

4 

Rather  blighted. 

November 

3       9 

4 

Ditto. 

December 

3     10 

3* 

Much  blighted. 

1852 

January  .. 

3     10 

3i 

Ditto. 

February . .      . . 

3       6 

4i 

Ditto. 

March      ..      .. 
April       . .      . . 
May 

•• 

•• 

Failed  as  a  crop,  but 
ears  ripened. 

some 

The  winter  was  mild  and  wet.  All  the  samples  were  gathered 
in  August.  The  September,  October,  and  November  plots  gave 
the  best  samples.  That  sown  in  Mardh,  April,  and  May  was  by 
far  the  worst  of  the  series.  Blight,  both  in  straw  and  ear,  was 
most  prevalent  from  December  through  the  spring  months.  That 
sown  in  June,  July,  August,  and  September  was  clean  in  the 
straw,  but  the  ears  of  the  July  sample,  though  they  ripened,  were 
remarkably  small. 

From  this  experiment  we  see  that  although  our  wheat  sown  in 
the  autumn  months  certainly  succeeded  best,  yet  that  of  the 
spring  months  gave  a  yield ;  and  indeed  winter  varieties  of  wheat 
are  often  not  sown  until  as  late  as  the  latter  end  of  February ; 
and  we  must  remember  that  if  winter  wheat  foe  left  until  the 
spring  for  sowing,  it  behaves,  in  its  rooting  and  tillering,  much  as 
spring  wheat ;  and  hence,  then,  the  difference  is  merely  one  of 
growth,  and  which  may  be  described  in  a  few  words. 
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Winter  wheat  sends  out  new  roots  and  fresh  fibrils  in  springs 
and  at  the  same  time  tillers  and  forms  tufts,  each  shoot  of  which 
also  roots  like  the  central  blade,  and  all  this  second  growth 
occurs  just  when  spring  wheat  is  coming  up. 

In  spring  wheat  there  is  little  disposition  to  till«r,  as  the  gFDwtb 
is  quick  the  root  has  no  period  of  rest,  and  therefore  its  fibres  md 
fibnls  are  developed  regularly,  and  have  no  fresh  impulse  of 
growth  like  wheat  that  has  stood  the  cold  of  winter,  and  is  pre^ 
pared  to  meet  the  milder  season  of  spring,  with  an  invigorsrted 
constitution  and  appetite  that  requires  new  roots  and  fresh  roolr* 
lets  to  supply.  It  is  on  this  account  that  winter  wheat  can  be 
transplanted  in  spring  with  but  little  check  to  its  growth,  iuid 
even  the  tufts  can  be  divided  into  slips,  which  is  indeed  a  nsefiA 
mode  of  augmenting  our  crop  in  experiments  upon  new  and  rare 
varieties. 

In  April  of  last  year,  1855,  I  transplanted  a  plot  of  nursery 
wheat  from  a  field  on  the  farm  to  one  of  my  experimental  plots  : 
it  was  put  in  rows  eight  inches  apart  and  about  two  or  three 
inches  in  the  rows ;  the  result  of  the  experiment  was,  that  scarcely 
a  plant  failed,  the  straw  was  good,  and  the  ears  of  corn  of  unusual 
length,  and  besides,  this  plot  became  ripe  not  later  than  that  in 
the  field  from  which  my  plants  were  taken. 

Another  experiment  with  wheat  may  be  here  detailed  as  tending 
to  show  the  general  hardy  nature  of  the  wheat-plant.  In  October^ 
1849,  1  planted  a  smau  patch  of  wheat,  which  I  kept  constantly 
cut  down  during  the  summer  of  1850,  so  as  to  prevent  the  forma- 
tion of  flowers:  it  stood  the  winter  of  1850-1,  and  became  a 
tolerable  crop  in  the  summer  of  1851. 

Now  although  the  difference  in  growth  of  spring  and  winter 
wheat  is  mesely  one  of  degree,  it  yet  entails  upen  the  farmer  a 
different  anode  of  treatment.  Winter  wheat  may  be  sown  thin^ 
especially  if  provision  has  not  to  be  made  against  a  superafaond- 
ance  of  insects,  such  as  wire-worms,  slugs  and  the  like. 

A  weak  plant  or  a  thin  crop  can  often  be  repaired  ia  tbeir 
effects,  by  adopting  processes  to  caise  tillering,  such  as  mowings 
eating  off  with  sheep,  treading,  and  mlling.  A  new  growth 
and  fresh  vigour  can  be  imparted  by  special  manufes,  to  be 
presently  more  especially  adverted  to.  And  even  transplanta- 
tion may  be  had  recourse  to  where  it  would  pay  for  the  trouble 
and  expense. 

With  respect  to  spring  sown  wheat,  as  each  seed  only  brings 
forth  three  or  four  ears,  it  should  be  planted  tincker  in  the  row 
and  drill  to  insure  its  covering  the  ground,  than  in  winter  wheat ; 
a  treatment  required  in  part,  to  prevent  the  ill  effects  of  /drongbt 
which  is  not  nnlikely  to  supervene.     And  as  the  soil  faaa  not  m 
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winter  before  it  to  mellow  and  cnunble  it,  it  sbonld  be  more 
Cforefolly  prepared,  and^if  possible  a  more  even  and  uniform  deptb 
of  flowing  should  be  adopted. 

2.  Acclimatization. — ^From  what  has  been  already  advanced  it 
will  be  seen  that  although  wheat  is  adapted  in  its  varieties  to 
almost  every  degree  of  temperature,  succeeding  better  in  tempe- 
rate than  in  tropical  beat,  it  is  yet  derived  from  a  wild  grass 
whose  natural  habitat  may  be  said  to  be  that  of  a  warm  climate. 
Hence,  then,  the  wheat-»plant  has  great  powers  of  adapting  itself 
to  circumstances,  and  this  is  not  only  so  as  regards  the  world  at 
lai^ge,  but  we  shall  see,  on  inquiry,.that  even  the  slight  inflexiona 
of  difference  presented  in  our  own  island,  nay,  even  in  the  up- 
lands and  lowlands  of  a  single  county,  have  a  decided  influence 
on  the  growth  of  the  wheat-plant. 

If  we  review  the  geography  of  a  central  county  of  Ei^land,  for 
example,  Gioucestershire,  we  shall  see  that  it  is  divided  into  two 
distacts-^hill  and  vale :  the  flat  valley  of  the  Severn,  extending 
from  south  to  north  for  about  80  miles  in  leneth,  and  nearly 
20  broad,  has  a  range  of  hills  on  the  eastern  side,  rising  from 
the  vale  with  a  steep  escarpment,  thus  forming  the  Cotteswold 
district,  which  presents  variations  in  height  to  as  much  as  1,200 
feet  above  the  level  of  the  sea.  Now  on  these  hills  the  prevail- 
ing sorts  of  wheat  will  be  the  hardier  red  varieties,  whilst  in  the 
vale  the  finer  white  kinds  are  those  planted  on  good,  well- 
dxained  land;  but  in  the  stiff  unmitigated  lias  days  the  heavy,, 
woolly-eared  winter  wheat  is  much  cultivated  on  account  of  its 
enormous  yield. 

In  choosing  wheat  for  seed,  attention  should  always  be  paid  to 
the  circumstances  of  climate  and  soil.  1  have  many  times  tried 
to  grow  the  spelt  wheats  from  India,  but  have  not  succeeded  in 
ripening  it,  though  at  first  it  grows  away  freely  and  gives  great 
promise.  Experiments  now  pending  with  jEffilops  threaten 
failure  from  the  difficulty  of  ripening  the  seed ;  but  here,  as  I 
have  the  wild  grass  to, deal  with,  and  my  object  is  to  change  it  in 
form  and  habit,  acclimatization  will  be  aa  expected  result  of  a 
continuance  of  the  experiments. 

Seed  wheat  should  always  be  chosen  from  a  poor  soil  for  growth 
on  a  richer  one,  and  from  a  cold  climate  ior  cultivation  in  a 
warmer:  acting  contrary  to  this  rule  often  induces  disease  and  a 
shortness  in  the  yield.  In  Gloucestershire  the  bill  fairmer. chooses 
seed  from  the  exposed  chalk  wolds  of  Wilts,  whilst  the  vale 
farmer  gets  his  seed  from  the  hills.  But  in  the  same  manner  as 
spring  wheat  may  be  cultivated  into  a  winter  vaiiety,^so  may  any 
sort  of  wheat  become  acclimatised  by  careful  cultivation :  this> 
however,  sometimes  entails  a  alight  change  of  fwm,  and  hence 
have  aiisen  tall  and  dwarf  ivacieties,  early  «nd  late  fonns,  aiid 
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others  far  too  numerous  to  be  entered  upon  in  this  place.  New 
varieties  of  wheat  are  constantly  becoming  the  fashion  with  the 
agriculturist,  but  it  must  not  be  concluded  that  this  is  the  result 
of  caprice,  as  it  is  the  nature  of  derivative  plants  to  lose  some  of 
their  qualities  after  a  long  career  of  changes,  and  hence  varieties 
are  always  useful  as  a  change ;  and  the  more  distinctive  these  are, 
if  adapted  to  our  soil  and  climate,  the  better. 

3.  Development:  to  what  extent  effected  by  top  dressings  at 
various  periods  of  growth, — It  would  be  useless  to  reproduce  in 
this  place  the  many  analyses  that  have  from  time  to  time  been 
made  of  wheat,  both  as  respects  its  straw  and  grain,  or  to  attempt 
to  show  from  these  that  the  wheat-plant  must  obtain  the  in- 
gredients of  its  structure  from  the  media  by  which  it  is  surrounded, 
as  these  are  points  which  are  settled  both  by  practical  experience 
and  theoretical  reasoning.  We  now  know  that  where  chemical 
matters  are  constantly  being  taken  from  the  soil  in  crops,  so  mast 
they  be  as  constantly  returned  either  by  direct  or  indirect  means, 
and  in  the  growth  of  wheat  we  can  apportion  such  substances 
either  with  a  view  to  straw  or  grain  in  particular,  and  indeed 
almost  determine  for  the  production  of  an  excess  of  a  particular 
substance  in  either. 

With  respect  to  crops  in  general,  direct  manuring  to  encourage 
their  growth  is  usually  adopted.  For  the  cereals,  however,  and 
especially  wheat,  this  plan  is  seldom  deemed  advisable ;  but  pre- 
yious  crops  or  a  dunged  winter  fallow  with  roots  are  usually  but 
preparatives  in  practice  for  the  wheat  crop,  while  special  manures 
are  used  in  various  stages  of  growth  or  exigences  in  the  progress 
of  wheat 

Again,  without  attempting  to  decide  the  question  in  dispute  as 
regards  the  mineral  theory  of  the  Baron  Liebig,  or  the  nitrogenous 
manures  as  experimented  and  written  upon  by  Messrs.  Lawes 
and  Gilbert,  we  yet  cannot  avoid  the  conclusion  that  special 
nitrogenous  manures  applied  to  the  growing  wheat  are  for  the 
most  part  remunerative,  while  the  pure  mineral  manures  are  not : 
indeed  the  dictum,  laid  down  of  mineral  manures  being  best 
adapted  for  roots  and  nitrogenous  kinds  for  cereals,  may,  I  think, 
be  deemed  a  settled  matter  in  practice.  Admitting,  then,  this 
conclusion  in  its  simplicity,  I  would  here  beg  to  point  out  a 
reason  for  the  employment  of  special  nitrogenous  maamres  in 
cereal  crops  founded  on  an  examination  of  the  structure  of  the 
wheat  leaves  on  the  one  hand,  and  of  those  of  the  turnip  on  the 
other,  which,  though  it  may  in  all  probability  affect  future  dis- 
cussions upon  this  subject,  are  yet  not  meant  as  arguments  in  op- 
position to,  or  support  of,  one  theory  or  the  other. 

If  we  examine  the  epidermis  of  the  leaf  of  wheat  both  from  the 
upper  and  under  side  with  a  magnifying  power  of  about  250 
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diameters,  we  shall  be  able  clearly 
to  make  out  the  stomata  or  breath- 
ing pores  by  which  the  leaf  is 
dotted. — (Diagram  7.) 

Now  what  we  should  here 
notice,  is  that  as  the  wheat-plant 
grows  upright  leaves^  and  does 
not,  like  the  turnip,  present  a  flat 
under-side  of  these  organs  to  the 
ground,  so  the  stomata  in  wheat 
are  as  thick  on  one  side  of  the  leaf 
as  on  the  other ^  a  condition  com- 
mon to  other  upright  gi'owing 
Slants,  as  the  iris,  pink,  and  the 
ke. 

The  first  sight,  however,  of  a 
tamip-leaf  shows  that  it  differs 
greatly  in  this  respect  from  that 
of  the  leaf  of  the  wheat:  the 
lighter  colour  of  its  under  part 
evidencing  that  a  very  large  ma- 
jority of  these  pores  are  situate 
on  the  under  as  compared  with 
the  upper  side. — (Diagram  8.) 

If,  then,  we  for  a  moment  con- 
sider that  the  leaves  are 
the  respiratory  organs 
of  plants,  that  they  are 
concerned  in  the  fixa- 
tion of  carbon  and  per- 
haps we  may  add  of 
nitrogen,  and  that  it  is 
through  the  stomata 
that  the  carbonic  acid 
for  the  carbon  if  not 
the  ammonia  for  the 
nitrogen  is  respired, 
we  shall,  I  think,  be 
able  to  explain  why  the 
surrounding  the  wheat- 
plant  with  ammoniacal 
manures  at  the  season 
of  its  most  vigorous 
growth  may  be  produc- 
tive of  benefit;  and 
though  we  may  in  part 


Diagram  7— Stomata  of  Wheat, 
about  250  diameters*  2^. 


Diagram  a— Stomata  of  Turnip,  mider  side, 
about  260  diameten»  m 
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admit  the  conclusions  concerning  the  rationale  of  the  action  of 
these  as  explained  by  the  chemist,  namely,  that  tUe  ammonia 
given  off  in  the  chemical  changes  of  the  manure  is  absorbed 
by  the  soil  or  moisture  surrounding  the  plants  and  from  which 
they  feed  by  their  roots,  yet  I  cannot  help  thinking  that  here 
is  a  new  element  in  the  argument. 

While  we  look  over  a  wheat^field  on  a  fine  sunny  day  a* 
summer  advances,  and  see  the  dazzling  dancing  in  the  atmos* 
phere  a  few  feet  over  the  plants,  which  is  caused  by  the  eva- 
poration of  water  through  the  cellular  system  of  the  leav^,  we 
may  know  that  the  crop  is  pumping  up  its  food  from  the  soil^ 
but  as  this  is  just  the  time  for  liberating  ammonia  also  from  the 
soil,  there  is,  1  think,  reason  to  believe  that  the  atmosphere 
charged  with  carbonic  acid  and  ammonia  is  at  this  very  time 
being  eagerly  respired,  and  the  reason  for  the  development  of 
root  keeping  pace  with  that  of  leaves,  is  that  the  functions  of 
these  two  important  organs  should  be  duly  balanced. 

Wheat  in  its  growing  history  is  completed  in  a  few  weeks, 
although  the  production  of  strong  plants^for  growth  occupies,  in  the 
winter  varieties,  many  months :  and  it  is  just  as  the  new  growth  cam* 
mences  that  ammoniacal  manures  are  so  beneficial,  as  the.nilregeift 
therefrom  has  to  be  eliminated  in  a  short  time,  and  as  the  leaves 
are  small  and  upright :  if  we  suppose  ammonia  to  be  respired  bgr 
them,  they  will  require  a  quicker,  and  more  constant  and  gveater 
discharge  of  this  gas,  commencing  too  at  a  certain  time,  than  is 
the  case  with  a  plant  with  large  leaves  which  grow  without  any 
serious  interruption  from  their  birth,  and  whose  under  aax£Ke  la 
the  only  inhahng  one,  and  which  is  so  arranged  as  to  insuxe  the 
due  but  more  gradual  and  more  certain  performance  of  this  office 
without  loss ;  and  hence,  farm-yard  manure,  which  is  buried  :in 
the  soil  and  which  gradually  decomposes,  at  first  slowly,  but 
faster  the  longer  it  is  exposed  to  atmospheric  and  chemical 
actions,  giving  its  inorganic  matters  in  solution  through  the  roota^ 
whilst  ammonia  is  given  off  into  the  atmosphere;  indeed,  sa 
quickly  in  some  of  the  warm,  close  days  of  the  early  part  of 
September,  that  every  farmer  knows  when  this  valuable  crop  la 
growing  fast  by  the  peculiar  odour  that  he  is  then  aware  of  in 
passing  a  turnip-field. 

These  remarks,  though  offered  with  a  great  d^^ree  of  diffidence, 
as  time  for  thought  and  experiment  is  wanting  for  its  dearer 
elucidation,  yet  seems  to  open  up  a  wide  field  for  inquiry;  at  all 
events  they  would  seem  to  show  that,  however  complete  onr 
chemistry  may  be,  yet  in  applying  it  to  plant-growth  the  dif- 
ferences in  the  structure  and  habits  of  the  plains  must  not  be 
overlooked. 

As  regards  fhiB  use  of  manures,  the  foregoing  renarka  would 
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tend  to  tbe  recommendation  of  tbem  as  top-dressings  for  wheats 
aod  to  be  used  in  the  spring  or  very  early  summer.  Such 
manures  as  are  rich  in  ammonia,  and  of  such  a  consistency  or  in 
such  a  ccmdition  as  to  be  capable  of  giving  off  this  gas  equally 
and  abundantly,  are  those  most  to  be  commended ;  and  if  my 
notions  be  correct,  the  circumstances  which  would  tend  to  this, 
namely,  warm  days  after  occasional  spring  showers  acting  on  a 
field  in  which  the  soil  has  been  loosened  by  hoeing,  are  just  those 
under  which  the  wheat-plant  would  grow  vigorously  and  well. 

It  should  be  mentioned  that  the  crust  which  forms  in  some 
soils  in  winter  should  be  loosened  in  spring,  to  facilitate  this  very 
action,  as  well  as  to  destroy  weeds,  which  latter  should  never  be 
allowed  in  a  wheat-field,  as  being  a  set  of  plants  whose  mode  d£ 
respiratioa  is  different  irom  the  wheat ;  from  which  cause,  and 
hesmg  nearer  the  soil,  they  rob  the  crop  of  some  of  its  most  vain- 
able  food,  and  so  blighted  straw  and  starved  grain  is  nearly 
always  the  resolt  of  dirty  farming. 

it  would  make  this  Essay  too  long  to  advert  to  all  the  speml 
manures  which  have  been  adopted  for  top-dressing  of  wheat ;  I 
shall  therefore  only  remark  upon  a  few  that  are  most  commonly 
used,  of  which  the  following  is  a  short  list : — 

1.  Decomposed  or  prepared  nigh1;->9oil. 

2.  Farm-yard  dung. 

3.  Guano. 

4.  Nitrate  of  soda. 

5.  Soot* 

6.  Common  salt. 

If  farm-yard  manure  or  night-soil  be  applied  as. a  top-dressing, 
il;  sfaooid  be  in  a  high  state  of  decomposition,  when  it  often  acta 
very  advantageously ;  but  the  difficulties  attendant  upon  its  ap- 
plication are  so  manifest  as  in  a  great  degree  to  discourage  their 
use.  As  respects  night-soil,  could  it  be  rendered  in  a  form  in 
which  it  could  be  readily  and  equally  distributed,  its  richness  in 
intiogenous  matters  and  great  abundance  ought  to  ensure  ita 
very  general  adoption ;  but  all  plans  to  effect  thk  have  hitherto 
resulted  in  renderh^  it  as  dear,  if  not  for  its  results  dearer, 
than  guano  or  special  chemical  substances. 

Guano  has  been  found. in  most  hands  to  be  a  serviceable  t(^ 
dressing  for  the  wheat-crop :  it  is  applied  in  various  quantities, 
according-  to  the  previous  cropping  and  the  state  and  ccmdition  of 
the  land  ;  but  much  disappointment  has  been  experienced  in  its 
use  from  its  want  of  genuineness,  or,  if  good,  the  state  of  'die 
weather  has  much  to  do  wi^  its  success. 

Nitrate  of  soda  is  often  mixed  with  guano  in  various  propor- 
tions. I  have  seen  1  cwt.  to  2  cwt.  of  .guano  to  the  acre  jproduoe 
very  decided  effects  upon  light  soil.     In  this  mixture  it  igiilidy 
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that  the  chemical  decomposition  is  more  equable  and  certain  than 
in  either  separately ;  and  besides,  the  nitrate  of  soda  has  such  a 
great  power  of  absorbing  moisture,  that  in  dry  days  and  dewy 
nights  much  good  must  result  from  it  in  this  way :  this  effect  is 
probably  heightened  by  mixing  salt  with  nitrate  of  soda.  In  land 
tolerably  well  farmed,  either  after  seeds  or  roots  that  have  been 
eaten  off  on  the  soil,  or  if  removed  a  dunged  winter  fallow,*  if  on 
light  warm  soils,  nitrate  of  soda  alone  to  the  extent  of  1  cwt.  to 
the  acre  mixed  with  an  equal  quantity  of  salt  has  been  found 
highly  useful  on  the  farm  of  the  Royal  Agricultural  College :  so 
I  am  informed  by  the  Professor  of  Agriculture. 

Soot,  on  stiff  clay,  usually  called  cold  land,  is  the  most  con- 
stant top-dressing  for  wheat;  this  I  have  seen  used  for  many 
years  past  at  from  20  to  40  bushels  per  acre,  and  consider  it 
useful  not  only  from  the  ammonia  and  alkalis  which  it  contains, 
but  also  to  some  extent  from  its  colour  inducing  a  more  de- 
cided action  of  the  sun's  rays.  It  is  upon  this  principle  that  the 
upland  farmer,  on  thin  brushy  land,  objects  to  its  use,  as  it  bums 
in  dry  weather. 

Other  nitrogenous  manures  might  be  mentioned,  especially 
sulphate  of  ammonia  and  nitrate  of  potash,  but  in  these  their 
great  price  is  an  objection  to  their  extensive  use. 

Salt,  though  not  nitrogenous,  is  useful  as  a  top-dressing  on 
other  accounts.  A  friend  of  mine  always  tops  from  H  to  2  cwt, 
per  acre  before  ploughing  the  clover  leys,  in  which  case,  besides 
any  chemical  action,  it  may  be  of  great  use  in  killing  the  larvae 
of  insects  and  destroying  slugs.  He  says :  "  I  consider  it  useful 
in  checking  an  undue  luxuriance  of  straw,  and  it  decidedly  re- 
duces the  amount  of  flag,  and  is,  I  think,  of  great  use  against 
mildew.  We  always  get  brighter  straw  after  salt."  That  salt 
has  a  decided  influence  is  now  generally  admitted.  The  chemist 
accounts  for  it  on  the  supposition  that  it  renders  the  silicates  more 
soluble ;  but  whatever  its  cause  of  action  it  seems  quite  true  that 
though  there  is  usually  less  straw  when  salt  is  employed,  yet  it 
is  generally  of  a  finer  texture  and  far  better  in  colour.  The  pro- 
fessor of  agriculture  at  the  Royal  Agricultural  College  informs 
me,  in  speaking  of  the  mixture  of  salt  with  nitrate  of  soda,  that 
**  though  the  salt  is  not  without  its  beneficial  effect,  it  is  also 
useful  in  facilitating  the  distribution  of  the  nitrate." 

4.  Lifting  Action  of  Frosty  commonly  called  throwing  out. — Soils 
are  very  varied  in  their  mechanical  texture,  according  to  which 
they  are  liable  to  great  changes  under  atmospheric  influences, 
amongst  which  the  following  are  most  common : — 

*  In  land  which  has  been  b^  some  accident  defranded  of  the  manure  which 
would  ordinanly  haye  fallen  to  its  lot,  the  action  of  nitrate  of  soda  is  usually  very 
beneficial.  < 
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a.  Pulverization  and  Expansion  after  Frost. 

b.  Caking  after  rain. 

c.  Compression  when  filled  with  moisture. 

d.  Cracking  in  drought. 

a.  Some  soils  hold  together  with  so  little  tenacity  as  to  be 
shifted  about  by  heavy  winds  with  their  crops  upon  them :  this  is 
often  the  case  with  soils 
made  from  the  disinte-  ^ 

gration  of  the  more  silici- 
ous  beds  of  the  new  red 
sandstone,  an  evil  which 

can    be    prevented   bv  a  Diagram  9.— Section  of  New  Red  Sandstone. 

I  S       ,  ^    /,  a.  Sandstones.  b,  Keuper  marl. 

heavy   dressmg  of  the 

stiffer  keuper  marls  of  the  same  formation,  which  are  usually  not 
far  removed  from  the  sand,  often  forming  the  rounded  knolls  in 
Worcestershire,  from  whence  the  hauling  is  usually  down  hill 
with  the  load.  These  marls  were  formerly  much  used  as  a  manure, 
but  as  they  are  found  to  contain  no  active  principles,  marling  has 
been  discontinued,  but  it  might  still  be  well  to  employ  it  as 
above  as  an  ameliorator. 

Expansion,  which  causes  the  lifting  action,  takes  place  very 
generally  in  clunchy  clays  and  marls  containing  much  lime  and 
argillaceous  matter  with  but  a  comparatively  small  admixture  of 
sand.  Frost  penetrates  into  its  intestines  and  by  its  expansion 
in  thawing  crumbles  the  land  to  such  an  extent  that  it  occupies 
a  much  greater  space  than  it  did  in  its  more  solid  condition,  and 
hence  the  lifting  action  by  expansion.  Some  of  the  soils  on  the 
chalks  and  oolites  are  liable  to  this,  and  the  result  is  that  the 
wheat-plant  is  frequently  lifted  out  of  its  place  and  left  unplanted 
after  the  rains  have  once  again  rendered  the  soil  more  solid  in  its 
texture.  This  tendency  is  much  mitigated  in  the  winter  wheat  by 
tilth  ploughing  when  after  turnips,  and  here  less  pulverization  is 
necessary :  much  more,  however,  after  seeds,  unless  the  land  be 
tolerably  free  from  weeds ;  but,  on  the  other  hand,  the  roots  of 
seeds  prevent  lifting  to  a  considerable  extent 

Much  of  the  injury  from  lifting  is  often  prevented  by  the 
heavy  rains  by  which  frost  is  sometimes  succeeded,  which  causes 
the  soil  to  work  down  again  around  the  roots,  and  in  dry  weather 
even  to  form  a  pellicle  on  the  surface :  this  action  may  be  greatly 
assisted  by  rolling,  or,  as  is  sometimes  done,  by  sheep-treading  in 
March,  to  be  followed,  however,  by  hoeing  and  top-dressing,  in  order 
to  loosen  the  soil,  and  thus  expose  it  with  its  chemical  matters 
to  the  action  of  the  atmosphere  at  the  time  of  accelerated  growth. 
The  best  method  which  I  have  observed  to  obviate  the  lifting 
tendency  in  soils  liable  to  it  is  to  get  as  large  root  crops  as  pos- 
sible, and  always  leave  the  leaves  to  be  ploughed  in.     This  ulti- 
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mately  tends  to  a  more  equable  pulverization,  and  induces 
formation  of  a  loamy  soil  by  a  gradual  admixture  of  vegeta 
matter.  Farm-yard  manure  under  furrow  in  such  soils,  unl 
very  rotten,  sometimes  aggravates  tbe  evil  of  lifting,  as  its 
composition  takes  place  but  slowly,  and  straws  of  long  dung 
irregular  conducting  media  for  water  and  ice  in  the  soil :  i 
for  this,  among  other  reasons,  that  direct  manuring  for  wheal 
not  at  all  in  favour  certainly  in  the  midland  counties. 

Expansion  takes  place  in  some  of  the  stiff  argillaceous  landi 
the  lias  and  Oxford  clays,  in  which  much  rain  acts  not  by  caus 
crumbling  and  lifting,  but  the  enlarging  of  the  plastic  mi 
which  is  compressed  so  tightly  around  the  roots  as  to  depr 
these  organs  of  free  power  of  growth  and  action.  This  pla 
element  is  very  injurious  to  wheat  from  the  comparative  slown 
with  which  chemical  decomposition  proceeds,  as  it  does  : 
readily  let  in  either  air  or  light,  and  besides  it  is  unusually  cc 
as  all  land  must  be  that  so  resolutely  retains  water.  Here  dra 
ing,  clay-burning,  dressing  with  town  refuse,  as  ashes  and 
like,  judicious  cropping,  the  use  of  long  dung,  and  indeed  wh 
ever  contributes  to  the  disintegration  of  its  present  texture,  8 
admixture  with  other  substances  is  of  advantage.  Under  th 
circumstances  of  soil  one  can  understand  how  it  is  that  the  farr 
cannot  always  ''  get  upon"  his  land — for  in  some  seasons 
plough  would  turn  up  clods  only  to  be  unbaked  bricks,  at  oth 
the  whole  would  be  a  tenacious  paste.  On  such  soils  again  < 
does  not  wonder  at  the  foxhunter  calling  it  a  ^^  stiff  country," 


Diagram  lo.— Showing  the  effects  of  the  cracking  of  soil  fh)m  drought. 
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that  die  farmer  ahould  feel  especially  anxious  when  the  hounds 
are  ont^  as  evinced  by  the  more  than  ordinarily  earnest  warning 
of  **  'ware  wheat''  in  a  field  in  which  the  maiics  of  the  horses 
feet  would  not  be  effaced  for  monthsL 

Cracking  in  Drought  is  a  condition  to  whidi  stiff  soils  are 
peculiarly  liable:  this  results  in  great  injury  to  delicate-rooted 
plants,  and  especially  wheat.  If,  for  example,  after  a  long  con- 
tinuance of  March  winds,  the  soil  be  cracked,  as  shown  in  ^e 
diagram  (10),  it  follows  that  l^e  fibres  of  the  roots  are  rent, 
and  then  the  secondary  root  growth  is  impeded,  fibres  do  not 
branch,  and  therefore  when  rain  fills  up  the  cracks  (see  diagram) 
new  rootlets  push  out  from  the  stems,  by  which  process  much 
time  and  vitality  is  lost :  indeed,  that  power  is  being  spent  on 
reparation  which  should  have  been  employed  in  tillering  and 
general  growth. 

Feb.,  1856. 


VIII. — On  the  Composition  of  Farmyard  Manure^  and  the  Changes 
which  it  undergoes '  on  keeping  under  different  Circumstances. 
By  Dr.  Augustus  Voelcker,  F.C.S.,  Prof,  of  Chemistry  in  the 
Royal  Agricultural  College,  Cirencester. 

It  is  generally  admitted  that  the  management  of  formyardinanure, 
as  carried  out  in  many  paits  of  England,  more  especially  in  the 
western  counties,  is  often  attended  with  much  loss  in  valuable 
fertilising  matters.  In  a  country  in  which  large  sums  are  annually 
expended  by  the  farming  community  in  the  purchase  of  artificial 
food  and  foreign  manures,  it  might  naturally  be  expected  that  the 
utmost  care  would  be  bestowed  on  the  treatment  of  home-made 
dung,  and  that  in  its  preparation  the  suggestions  of  improved 
practice  and  modem  science  would  frequendy  be  called  into  requi- 
sition by  the  cultivator  of  the  soil.  Experience,  however,  teaches 
that  this  is  far  from  being  the  case.  It  is,  indeed,  a  matter  of 
surprise,  no  less  to  the  agricultural  chemist  than  to  the  more  in- 
telligent portion  of  the  agricultural  community,  that  there  should 
exist  on  the  one  band  so  much  ignorance  on  the  first  principles 
involved  in  the  management  of  farmyard  manure,  and  on  the 
other  so  much  indifference  as  to  the  best  means  of  preventing 
the  deterioration  of  the  most  important  of  all  fertilizers.  For 
my  own  part,  however,  I  cannot  share  the  opinions  of  those  zeal- 
ous and,  no  doubt,  sincere  agricultural  reformers,  who  describe 
the  practical  farmer  as  adverse  to  every  new  improvement,  and 
turning  a  deaf  ear  to  the  suggestions  of  modem  science.  I  know 
well  how  little  of  what  commonly  passes  as  a  law  of  nature,  or 
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a  scientific  principle,  rests  on  a  firm  basis,  and  is  derived  from 
the  constant  recurrence  of  a  number  of  well-established  facts.  I 
am  well  aware  how  many  so-called  improvements  are  the  emana- 
tions of  the  heated  imagination  of  empirical  theorists,  and  how 
few  of  the  suggestions  of  even  eminent  scientific  men  can  be 
practically  carried  out  with  economy  on  a  large  scale.  I  there- 
fore find  it  quite  natural  that  the  agriculturist,  often  bewildered, 
and  scarcely  knowing  how  to  meet  the  difiiculties  that  beset  his 
path  in  carrying  out  modem  improvements,  should  relapse  into 
his  old  and  accustomed  course. 

The  inquiry  into  the  changes  which  farmyard  manure  under- 
goes in  keeping,  under  various  modes  of  management,  unques- 
tionably is  a  subject  of  great  importance ;  and  I  cannot  help 
therefore  expressing  astonishment  that  it  has  not  been  taken  up 
long  ago,  and  submitted  to  a  thorough  and  searching  investiga- 
tion. Hitherto  our  knowledge  of  this  subject  has  been  altogether 
very  narrow,  and  this  limited  knowledge  is  of  such  a  general  cha- 
racter that  it  could  not  have  been  attended  with  any  marked 
general  improvement  in  the  management  of  farmyard  manure. 
General,  and,  in  several  respects,  superficial  information  on  so 
important  a  subject  will  as  little  assist  the  practical  farmer  in 
husbanding  his  home-made  manure  as  similar  information  in  the 
cultivation  of  root-crops  would  enable  him  to  grow  an  abundant 
and  remunerative  crop  of  turnips.  Agricultural  chemistry,  it  strikes 
me,  has  reached  that  point  at  which,  in  order  to  become  really  use- 
ful to  the  practical  man,  it  can  no  longer  be  prosecuted  with  suc- 
cess by  amateur  chemists,  nor  even  by  scientific  chemists,  who  do 
not  throw  their  whole  energy  into  the  inquiry,  and  give  their  un- 
divided attention  and  time  to  this  noble  and  eminently  practical 
branch  of  applied  science.  This  view  appears  to  be  daily  gain- 
ing ground  ;  and  the  time  is  fast  approaching  when  agriculturists 
will  no  longer  look  with  a  certain  suspicion  on  scientific  investi- 
gations, but  hail  them  with  pleasure,  aud  willingly  render  that 
practical  assistance  which  chemists  have  long  earnestly  desired. 
Many  important  inquiries,  which  neither  the  analyst  in  his  labo- 
ratory nor  the  farmer  in  his  fields  can  solve  alone,  will  then  be 
brought  to  a  happy  issue,  and  the  principle  which  the  Royal 
Agricultural  Society  has  adopted  for  its  motto,  "  Practice  with 
Science,"  then,  and  then  only,  will  bring  forth  its  choicest 
blossoms,  and  be  crowned  with  abundant  fruit. 

These  thoughts  were  suggested  to  me  on  undertaking  an  ex- 
tended inquiry  into  the  changes  which  farmyard  manure  under- 
goes on  keeping,  under  different  modes  of  management ;  and  I 
feel  bound  publicly  to  express  my  obligations  to  the  enlightened 
Principal  of  our  College,  for  the  readiness  with  which  he  has  met 
my  wishes,  and  placed  at  my  disposal  horse  and  cart,  men  and 
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manure,  and,  in  short,  that  practical  apparatus,  without  which  I 
could  not  hare  entered  on  the  investigation.  During  a  period  of 
more  than  twelre  months  mj  leisure  and  that  of  my  assistant^ 
Mr.  Sibson  (to  whom  I  feel  greatly  indebted  for  his  persevering 
zeal  and  skill  in  this  laborious  task),  has  been  almost  constantly 
occupied  in  studying  the  changes  which  farmyard  manure  under- 
goes on  keeping. 

It  is  not  my  intention  to  write  a  paper  on  the  best  manage*- 
inent  of  farmyard  manure,  a  subject  on  which  ccxisiderable  di- 
Tenity  of  opinion  prevails.  I  may  do  so,  probably,  at  a  future 
occasion;  for  the  present  I  purpose  simply  to  lay  before  the 
i^er  the  results  of  my  practical  and  analytical  experiments,  and 
to  accompany  them  with  some  remarks^  which  I  trust  may  help  to 
solve  the  question,  how  home-made  dung  ought  to  be  prepared 
and  kept  in  the  most  profitable  manner,  so  as  to  develop  the  full 
efficacy  of  the  excrements  of  our  domestic  animals,  and  the  litter, 
*nd  to  guard  against  loss  in  the  fertilising  ccmstituents  af  dung  ? 

In  undertaking  this  investigation  I  encountered  a  difBcnlty^ 
which  every  one  must  have  felt  in  experimenting  on  farmyard 
n^ure,  namely,  the  difficulty  of  obtaining  a  sample  sufficiently 
^mogeneous  to  serve  as  the  basis  for  future  operations.  In  ex- 
perimenting on  fresh,  or  long  dung,  especially^  it  is  no  easy  matter 
^  incorporate  the  long  straw  uniformly  with  the  more  minutely 
<Iirided  droppings  of  animals ;  perhaps  altogether  a  perfect  mix- 
^  of  both  cannot  be  realised,  and  we  must  therefore  be  satis- 
fied to  make  the  mixture  as  intimate  as  the  nature  of  the  materials 
^  permit.  I  endeavoured  to  reach  this  point  by  employing 
^0  men  for  the  greater  part  of  the  day  in  turning  a  considerable 
quantity  of  fresh  long  dung,  composed  of  horse,  cow,,  and  pig 
^QQg.  By  frequent  turnings  and  distributions  of  the  droppings 
amongst  the  long  straw  I  thus  obtained  a  tolerably  uniform 
sample  of  mixed  farmyard  manure,  which  served  as  the  basis  for 
^11  future  experiments  and  analyses  with  fresh  dung.  In  the  same 
way,  but  more  easily,  a  well-mixed  sample  of  well-rotten  dung, 
imposed  of  horse-dung,  cows'  and  pigs'  manure,  was  obtained 
a  month  later.  This  rotten  dung,  however,  was  not  from  the 
same  heap  from  which  the  fresh  dung  last  mentioned  was  ob- 
tained, but  probably  had  undergone  fermentation  for  a  period  of 
^ore  than  six  months.  It  was  well  fermented,  dark  brown, 
almost  black  spit-dung,  taken  from  the  bottom  of  a  comer  of  the 
Manure-pit,  where  the  more  perfectly  decomposed  manure  is  used 
^0  be  kept. 

In  order  not  to  encumber  the  description  of  my  experiments, 
and  the  statements  of  the  results  obtained  in  them,  I  shall  give, 
in  an  Appendix  to  this  paper,  a  brief  account  of  the  methods  made 
nse  of  in  the  performance  of  the  following  analyses*     I  may  ob- 
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serve,  however,  in  this  place  that  the  water-determinations  in 
the  experimental  heaps  were  made  on  the  same  day  on  which 
they  were  put  up,  and  that  the  samples  for  analysis  were  taken 
at  the  same  time. 

Fresh  Farmyard  Manure. 

Difficult  as  it  is  to  prepare  several  tons  of  dung  of  a  tolerably 
uniform  character  for  the  experimental  heaps,  the  difficulty  is 
^eatly  enhanced  when  a  sample  fit  for  analysis  has  to  be  chosen. 
For  analytical  purposes  large  quantities  are  inadmissible ;  and  it 
becomes  therefore  a  matter  of  great  importance  thoroughly  to 
prepare  the  small  proportion  of  manure  which  can  be  employed 
in  actual  analysis  as  carefully  as  possible.  To  this  end  I  spread 
out  a  weighed  quantity  of  about  20  lbs.  of  fresh  dung,  pre- 
viously well  mixed  in  the  manure-pit,  thoroughly  pulled  it 
to  pieces,  and  then  allowed  it  to  become  air-dry,  by  keeping 
it  for  some  days  in  a  safe  place,  in  a  heated  room.  The 
partial  loss  in  moisture  having  been  ascertained  by  the  dif- 
ference in  the  second  weight,  as  compared  with  that  of  the  first : 
the  whole  of  the  partially  dried  manure  was  passed  through  a 
common  coal-sieve ;  and  the  pieces  of  long  straw  which  refused 
to  pass  through  the  meshes  of  the  sieve  were  cut  in  small  pieces 
with  a  large  pair  of  scissors  :  1  lb.  of  the  partially  dried  and 
now  much  more  thoroughly  mixed  manure  was  then  dried  in  a 
water-bath,  at  212°,  until  it  ceased  to  lose  in  weight.  The  loss 
calculated  for  the  original  quantity  of  manure,  and  added  to  the 
loss  which  it  sustained  in  becoming  air-dry,  gave  the  total  per- 
centage of  moisture  in  the  fresh  dung.  Another  quantity  of  the 
partially  dried  manure,  amounting  to  1000  grains,  was  employed 
for  the.  analysis,  taken  in  hand  on  the  3rd  of  November,  1854. 

This  analysis  furnished  the  following  general  results : — 

General  Composition  of  Fresh  Long  Dung  {composed  of  Horse^  Cow,  and 

Pig  Dung). 

Made  Nov.  3,  1855. 

In  Natural  State.       Calcalatcd  D17. 

Water 66-17 

♦Soluble  organic  matter       2'48  7'33 

Soluble  inorganic  matter 1*54  4*55 

f  Insoluble  organic  matter 25*76  76'15 

Insoluble  inorganic  matter 4*05  11*97 

10000  100-00 

*  Containing  nitrogen '149  *44 

Equal  to  ammonia        '181  *53 

t  Containing  nitrogen *494  '146 

Equal  to  ammonia       *599  *177 

Total  per  centage  of  nitrogen *643  1*90 

Equal  to  ammonia        '780  2*30 
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A  delicate  reddened  litmus  paper  held  over  the  fresh-mixed 
dung  was  not  affected  at  first ;  but  after  the  lapse  of  a  couple 
of  hours,  the  red  colour  was  slightly  changed  into  blue,  thus 
showing  that  this  fresh  dung  contained  but  a  very  small  quan- 
tity of  free  or,  properly  speaking,  volatile  carbonate  of  am- 
monia ;  for  it  is  in  the  state  of  carbonate,  and  never  in  a  free  and 
uncombined  form,  that  ammonia  is  given  off  from  putrefying 
substances. 

I  have  endeavoured  to  determine  quantitatively  the  amount 
of  volatile  compounds  of  ammonia  in  fresh  manure,  by  distilling 
about  1000  grs.,  mixed  with  about  8  ounces  of  water,  into  a 
vessel  containing  dilute  hydrochloric  acid.  This  glass  vessel 
was  connected  air-tight  with  the  retort  on  the  one  hand,  and  on 
the  other  with  a  bulb  apparatus,  used  in  nitrogen  combustions, 
and  containing  likewise  dilute  hydrochloric  acid.  By  this  means 
very  small  quantities  of  volatile  ammoniacal  compounds  may  be 
thoroughly  fixed,  and  obtained,  on  evaporation  of  the  acid,  in  the 
receiving  vessel  and  bulb  apparatus  as  chloride  of  ammonia.  In 
this  and  the  following  analyses  the  amount  of  ammonia  in  the 
volatile  ammoniacal  compounds  contained  in  manure  is  given, 
and,  for  brevity's  sake,  called  free  ammonia.  At  the  same  time 
I  have  endeavoured  to  ascertain  the  proportion  of  ammonia  which, 
after  the  volatile  ammonia  compounds  are  distilled  off,  remains 
behind  in  the  manure  in  a  fixed  state.  This  portion  is  mentioned 
in  the  analyses  as  ammonia  in  the  state  of  salts.  Both  the  free 
ammonia,  and  ammonia  in  the  form  of  salts,  are  included  in  the 
determinations  of  the  total  amount  of  nitrogen  (ammonia)  con- 
tained in  the  manure. 

The  fresh  manure  analysed  on  the  3rd  of  November,  1854, 
contained  in  its  natural  state,  and  when  perfectly  dry — 

In  Natana  State.  Calculated  Dry. 

Per  centage  of  free  ammonia       '034:  '10 

„  ammonia  in  the  state  of  salts  •     '088  '26 

The  amount  of  volatile  ammonia,  as  well  as  ready  formed  am- 
monia, existing  in  the  form  of  ammoniacal  salts  in  fresh  manure, 
thus  appears  to  be  very  trifling. 

Since  there  exists  no  complete,  trustworthy  analysis  of  the  ash 
of  fresh  farmyard  manure,  I  thought  it  advisable  to  analyse  sepa- 
rately the  soluble  and  the  insoluble  portion  of  the  inorganic 
matters  present  in  farmyard  manure. 

One  hundred  parts  of  the  soluble  inorganic  matters  in  fresh 
farmyard  manure  were  found  to  have  the  subjoined  compo- 
sition:— 
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Fresh  Farmyard  Manure. 

Analysis  made  Nov.  3, 1854. 

Composition  of  Ash  of  portion  Soluble  in  Water  ^ 

SolnUenUca 15*45 

Phosphate  of  lime 19*44: 

Lime        4*30 

Magnesia '73 

Potash      37-26 

Soda        3-36 

Chloride  of  Sodium        1-97 

Sulphuric  acid        3*49 

Carbonic  acid  and  loss 14'00 


lOO-OO 


The  portion  insoluble  in  water  on  analysis  yielded  the  follow- 
ing results : — 

Fresh  Farmyard  Manure, 

Analysed  Nov.  3, 1854. 

Composition  of  Ash  of  portion  InsduUe  in  Water, 

Soluble  silica 23*94      \ 

Insoluble  silidous  matter      13*86 

Oxides  of  iron  and  alumina,  with  phosphates     ..  14*73 

Containing  phosphoric  acid (4*41) 

Equal  to  bone  earth       (9*55) 

lime        27*92 

Magnesia 3*64 

Potash 2-46 

Soda        -48 

Sulphuric  acid 1*76 

Carbonic  acid  and  loss 14*31 


lOO-OO 


In  the  next  table  th^  composition  of  the  whole  ash  which  was 
produced  by  this  sample  of  fresh  manure  is  stated  : — 

Fresh  Farmyard  Manure. 

Analysis  made  Nov.  3, 1854. 

Composition  of  the  whole  Ash, 

'Soluble  silica 4*25 

Phosphate  of  lime 6*35 

Lime      1-10 

Magnesia       -20 

Potash 10-26 

Soda        -92 

Chloride  of  sodium        *54 

Sulphuric  acid       -22 

Carbonic  acid  and  loss 4*71 


22  t- 


Airanged  together. 

17-34 

21-59 

10-04 

10-04 

, , 

5-35 

8-47 

8-47 

(3-18) 
(6-88) 

r3-18) 
(6-88) 

20-21 

21-31 

2-56 

2-76 

1-78 

12-04 

•38 

1-30 

,, 

•54 

1-27 

1-49 

10-40 

15-11 
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^  Soluble  silica 

Insoluble  silicious  matter  (sand)   .. 

Phosphate  of  lime 

Oride  of  iron  and  alumina,  witii  phosphates 

Containing  phosphoric  acid 

Equal  to  bone  earth        

^  Lime         

Magnesia 

Potash      

Soda  

^         Chloride  of  sodium 

Sulphuric  acid 

Carbonic  acid  and  loss 

100^00  100-00 

Before  offering   any   remarks   on   the   composition   of  fresh 
manure,  it  may  be  well  to  insert  in  this  place  a  table  represent- 
ing the  detailed  composition  of  fresh  farmyard  manure : — 
Composition  of  Fresh  Farmyard  Manure  (composed  of  Horse,  Pig,  and 
Cow  Dung,  about  14  aays  old). 
Analysis  made  Nov.  3, 1854. 
Detailed  Composition  of  Manure  in  Natural  State, 

Water       66*17 

♦Soluble  organic  matter 2^48 

Soluble  inorganic  matter  (ash) : — 

Soluble  silica     '237 

Phosphate  of  lime ..      ..•299 

Lime ..     -066 

Magnesia    ..      ..  • *011 

Potash        -573 

Soda -051 

Chloride  of  Sodium ^030 

Sulphuric  acid -055 

Carbonic  acid  and  loss      ^218 

1-54 

tinsoluble  organic  matter        25^76 

Lisoluble  organic  matter  (ash): — 

Soluble  silica     ,.     '967 

Insoluble  silica '561 

Oxide  of  iron,  alumina,  with  phosphates . .      . .     '596 

Containing  phosphoric  acid      ^^178) 

Equal  to  bone  earth (•386) 

Lime 1*120 

Magnesia *143 

Potash        -099 

Soda -019 

Sulphuric  acid ..     '061 

Carbonic  acid  and  loss      ..     "484 


4*05 


*  Contahung nitrogen ]] .,  '149 

Eqoal  to  ammonia •  '181 

t  Containing  nitrogen        ^494 

Equal  to  ammoma »«  *599 

Whole  manure  contains  ammonia  in  tree  stele  • .  *0d4 

infbrmofnau  '088 


100^00 


198  Farmyard  Manure. 

According  to  these  results,  the  same  manure  in  a  perfectly 
dry  condition  will  have  the  following  composition  : — 

Detailed  Composition  of  Fresh  Farmyard  Manure  in  Dry  State. 

•Soluble  organic  matter 7*33 

Soluble  inorganic  matter  (ash)  : — 

Soluble  silica     ..      ..      ..      '703 

Phosphate  of  lime .•  'SS4: 

Lime 'ISi) 

Magnesia *033 

Potash        ..     1-695 

Soda ..      -153 

Chloride  of  sodium '089 

Sulphuric  acid '035 

Carbonic  acid  and  loss      -772 

4-55 

fli^soluble  organic  matter        76*15 

Insoluble  inorganic  matter  : — 

Soluble  silica     ..      ..      2-865 

Insoluble  silica  ..      1*659 

Oxide  of  iron  and  alumina,  with  phosphates  ..  1-404 

Containing  phosphoric  acid (-528) 

Equal  to  bone  earth (-822) 

Lime 3*335 

Magnesia -424 

Potash        -294 

Soda    ..      ..      -077 

Sulphuric  acid -210 

CartxDnic  acid  and  loss      1-722 

11-97 

100-00 

*  Containing  nitrogen '44 

Equal  to  ammonia *53 

t  Containing  nitro^n 1'4G 

Equal  to  ammonia '    ..     1*77 

Whole  manure  contiuns  ammonia  in  free  state     ..  *10 

„                      „                  in  form  of  salts  -26 

Fresh  farmyard  manure  being  composed  of  the  droppings  of 
horses,  cows,  and  pigs,  and  the  straw  used  for  litter,  according  to 
the  above  determination,  in  round  numbers  consists  of  two- 
thirds  of  water  and  one-third  of  dry  matters.  Since  this  fresh 
manure  was  not  more  than  fourteen  days  old,  and  no  rain  had 
fallen  during  the  time  it  had  lain  in  the  dung-pit,  all  the  water 
is  due  to  the  urine  and  the  moisture  of  the  droppings  and  litter. 
The  quantity  of  straw  employed  as  litter  must  necessarily  affect 
the  general  composition  of  fr^h  dung,  and  more  especially  the 
amount  of  moisture  which  it  contains ;  but,  I  believe,  we  are  not 
far  wrong  by  saying  that  fresh  mixed  dung,  in  the  production 
of  which  litter  has  been  liberally  supplied  to  the  animals,  when 
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free  from  rain,  consists  of  one-third  of  dry  matters  and. two-thirds 
of  moisture. 

An  inspection  of  the  analytical  results  just  mentioned  will 
further  bring  to  view  several  interesting  particulars ; — 

1.  In  fresh  dung  the  proportion  of  soluble  organic  and  mineral 
substances  is  small.  This  circumstance  fully  explains  the  slow 
action  of  fresh  dung  when  compared  with  the  effect  which  well- 
rotten  manure  is  capable  of  producing. 

2.  The  proportion  of  insoluble  matters,  more  especially  of 
insoluble  organic  matters,  in  fresh  dung,  on  the  contrary,  is  very 
large.  By  far  the  larger  proportion  of  the  insoluble  organic 
matters  consists  of  straw,  changed  but  little  in  its  physical  cha- 
racter, and  chemical  composition. 

In  the  sample  of  manure  analysed  the  amount  of  insoluble 
organic  matters  is  ten  times  as  great  as  that  of  soluble  organic 
matters,  and  the  proportion  of  insoluble  mineral  substances 
nearly  three  times  as  large  as  the  amount  of  soluble  mineral 
matters. 

3.  Fresh  dung  contains  a  mere  trace  of  ammonia  in  a  volatile 
state  of  combination,  and  but  a  trifling  quantity  of  ammonia  in 
the  form  of  ammoniacal  salts. 

4.  The  total  amount  of  nitrogen  contained  in  the  soluble  portion 
of  fresh  manure  likewise  is  inconsiderable.  Most  of  the  nitrogen 
which,  as  we  shall  see  by  and  by,  is  gradually  liberated  as  the 
fermentation  of  dung  progresses,  is  contained  in  the  portion  of 
the  manure  which  is  insoluble  in  water.  In  other  words,  com- 
paratively speaking,  little  nitrogen  exists  in  fresh  dung  in  a  state 
in  which  it  can  be  assimilated  by  the  growing  plants.  Thus,  in 
the  sample  analysed,  the  readily  available  amount  of  nitrogen  in 
100  lbs.  of  fresh  dung  is  only  '149  of  a  lb.,  whilst  about  four 
times  as  much  nitrogen,  or,  in  exact  numbers,  '494  lb.,  occurs  in 
the  insoluble  portion  of  100  lbs.  of  fresh  dung. 

5.  A  comparison  of  the  composition  of  the  organic  soluble 
matters  with  the  composition  of  the  organic  insoluble  matters  of 
fresh  dung,  however,  shows  that  the  former  are  far  more  valuable 
than  the  latter,  inasmuch  as  the  soluble  organic  matters  contain 
a  very  much  larger  percentage  of  nitrogen,  and  in  a  state  of  com- 
bination in  which  nitrogen  is  available  to  the  immediate  use  of 
plants. 

This  will  appear  from  the  following  numbers  :— 

100  parts  of  organic  soluble  matters  in  fresh  dung  contain  6*04  of  nitrogen. 
100  „  insoluble  matters        „  „        1*92  „ 

In  the  same  weight  of  each  there  is  thus  more  than  three  times 
as  much  nitrogen  in  the  soluble,  organic  matters  as  in  the 
insoluble  organic  matters. 
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6.  With  respect  to  the  inorganic  or  mineral  constitaenti  of 
fresh  dung,  it  will  be  seen  that  it  contains  all  those  mineral 
matters  which  are  found  in  the  ashes  of  all  our  cultivated 
plants. 

7.  Comparing  the  composition  of  the  soluble  inorganic  matters 
with  that  presented  by  the  insoluble,  no  essential  qualiiatiw  Ait- 
ference  is  perceived  between  both,  for  the  same  constituents  which 
occur  in  the  soluble  ash  are  found  also  in  the  insoluble  ash.  Bat 
there  exists  a  striking  difference  in  the  quantitative  composi- 
tion of  the  soluble  and  the  insoluble  mineral  matters  of  fresh 
dung. 

8.  The  principal  constituent  of  the  soluble  ash  of  fresh  dung, 
so  far  as  quantity  is  concerned,  is  potash ;  100  parts  of  soluble 
ash,  it  will  be  seen,  contain  no  less  than  37*26  parts  of  real 
potash,  or  a  quantity  which  is  'equivalent  to  54*7  of  pure 
carbonate  of  potash.  The  analysis  of  the  soluble  portion  of 
ash  of  fresh  dung  gave  only  14  per  cent,  of  carbonic  acid, 
including  the  loss  in  analysis ;  and  as  37*26  of  potash  take 
up  17*5  of  carbonic  acid  in  becoming  carbonate  of  potash, 
and  moreover  much  of  the  soluble  lime  existed  in  the  water- 
solution  as  bicarbonate  of  lime,  it  is  evident  that  a  consi- 
derable quantity  of  potash  is  united  with  silicic  acid  in  the 
soluble  ash.  The  large  percentage  of  soluble  silica  confirms  this 
view ;  fresh  farmyard  manure  thus  contains  much  soluMe  silicate 
of  potash. 

9.  The  large  amount  of  soluble  silica,'  both  in  the  soluble  and 
in  the  insoluble  ash,  are  deserving  notice.  In  the  soluble  ash 
this  silica  is  united  principally  with  potash,  and  probably  also 
with  some  soda ;  in  the  insoluble  ash  it  is  combined  chiefly  with 
lime,  or  exists  in  a  finely  divided  state,  in  which  it  is  readily 
soluble  in  dilute  caustic  potash. 

10.  The  most  prominent  constituent  of  the  soluble  ash  of  fresh 
dung  is  silicate  of  potash. 

11.  The  most  prominent  ccmstituent  of  the  insoluble  ash  is 
lime. 

12.  It  is  particularly  worthy  of.  notice  diat  the  soluble  ash  of 
eYea  perfectly  fresh  dung  contains  a  very  high  percentage  oiphos^ 
phate  of  lime. 

The  proportion  of  phosphate  of  lime  in  the  soluble  portion 
of  ash  was  in  fact  found  to  amount  to  no  less  than  19^  per  cent, 
of  the  whole  soluble  ash,  whilst  the  percentage  of  phosphate  of 
lime  in  the  insoluble  ash  was  found  to  be  only  9^. 

I  must  confess  that  I  was  not  prepared  to  find  so  large  an 
amount  of  a  compound  which  is  generally  considered  insoluble 
in  water,  and  for  this  reason  is  not  enumerated  in  the  published 
analyses  of  farmyard  manure  amongst  the  soluble  constituents  of 
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dung.    Repeated  experiments,  however,  executed  with  all  care 
to  avoid  any  possible  source  of  error,  have  shown  me  that  water 
dissolves  phosphate  of  lime  or  bone-earth  much  more  rapidly 
and  to  a  much  greater  extent  than  it  has  hitherto  been  supposed. 
This  observation  gains  much  in  interest,  if  it  be  remembered 
that  the  late  Mr.  Pusey  suggested  many  years  ago  a  method  of 
rendering   bone-dust  more   efficacious   as  a   manure   for  root- 
crops.    His  plan  was  to  place  bone-dust  moistened  with  water 
and  mixed  with  ashes,  sand,  or  other  porous  matters  in  a  heap, 
and  to  keep  this  heap  moist  by  pouring  occasionally  water  upon 
it,  or,  better  still,  stale  urine  or  liquid  manure.     The  suggestion 
has  been  followed  by  many  with  much  success.     But  few  may 
have  known  that  by  adopting  Mr.  Pusey's  plan  of  reducing  bone- 
dust  still  further  they  have  been  instrumental  in  generating  that 
combination  which  gives  peculiar  value  to  superphosphate  of 
lime,  namely,  soluble  phosphate  of  lime. 

In  one  of  the  latest  numbers  of-  the  '  Annalen  der  Chemie 
nnd  Pharmacie,'  edited  by  Liebig,  Wohler,  and  Kopp,  Pro- 
fessor Wohler,  of  the  University  of  Gottingen,  makes  the  im- 
portant observation  that  bone-dust  moistened  with  a  little  water, 
in  the  course  of  a  few  days  yields  a  considerable  quantity  of  phos- 
phate of  lime  to  water,  and  that  this  solubility  rapidly  increases 
with  the  putrefaction  of  the  gelatine  of  bones.  My  analysis  of 
farmyard  manure,  made  a  year  before  the  recent  notice^  which 
Professor  Wohler  gave  in  the  '  Annalen  der  Chemie,'  respecting 
the  solubility  of  phosphate  of  lime  in  water,  may  be  regarded  as 
a  confirmation  of  Wohler's  direct  experiments  upon  bone-dust, 
as  well  as  an  interesting  scientific  commentary  on  Mr.  Pusey's 
practical  suggestion  of  rendering  bone-dust  more  efficacious  as  a 
manure  for  root-crops. 

13.  The  insoluble  part  of  the  ash  of  fresh  farmyard-manure 
includes  the  sand,  earth,  and  other  mineral  impurities,  which 
mechanically  get  mixed  with  the  dung.  Most  of  these  impuri- 
ties are  mentioned  in  the  ash-analyses  as  insoluble  silicious  matter ; 
another  portion  is  comprehended  under  oxides  of  iron  and 
alumina  with  phosphates ;  and  a  third  part,  probably  a  consider- 
able portion  of  the  mechanical  impurities,  is  induded  under 
lime,  for  the  gravel  and  soil  at  Cirencester  abounds  in  carbonate 
of  lime. 

Due  allowance  must  be  made  for  these  mechanical  impurities 
in  all  considerations  respecting  farmjrard  manure,  otherwise 
conclusions  will  be  drawn  which  the  facts  of  the  case  do  not 
warrant. 

14.  Chemically  considered  Farmyard  Manure  must  be  regarded 
€Uf  a  perfect  and  universal  Manure. — ^It  is  a  universal  manure, 
because  it  contains  all  the  constituents  which  our  cultivated  crops 
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require  to  come  to  perfection,  and  is  suited  for  almost  every  de- 
scription of  agricultural  produce. 

As  far  as  tbe  inorganic  fertilising  substances  are  concerned, 
we  find  in  farmyard  manure :  potash,  soda,  lime,  magnesia,  oxide 
of  iron,  silica,  phosphoric  acid,  sulphuric  acid,  hydrochloric  and 
carbonic  acid — in  short,  all  the  minerals,  not  one  excepted,  that 
are  found  in  the  ashes  of  agricultural  crops. 

Of  organic  fertilising  substances  we  find  in  farmyard  manure 
some  which  are  readily  soluble  in  water  and  contain  a  laige 
proportion  of  nitrogen,  and  others  insoluble  in  water  and  con- 
taining, comparatively  speaking,  a  small  proportion  of  nitrogen. 
The  former  readily  yield  ammonia,  the  latter  principally  give 
rise  to  the  formation  of  humic  acids  and  similar  organic  com- 
pounds. These  organic  acids  constitute  the  mass  of  the  brown 
vegetable  substance,  or  rather  mixture  of  substances,  which,  prac- 
tically speaking,  pass  under  the  name  of  humus. 

Farmyard  manure  is  a  perfect  manure,  because  experience  as 
well  as  chemical  analysis  shows  that  the  fertilising  constituents 
are  present  in  dung  m  slates  of  combination,  which  appear  to 
be  especially  favourable  to  the  luxuriant  growth  of  our  crops. 
Since  tbe  number  of  the  various  chemical  compounds  in  farm- 
yard manure  is  exceedingly  great,  and  many  no  doubt  exist  in 
a  different  state  of  combination  from  that  in  which  they  are 
obtained  on  analysing  farmyard  manure,  in  our  present  state  of 
knowledge  it  is  impossible  artificially  to  produce  a  concentrated^ 
universal,  and  perfect  manure,  which  might  entirely  supersede 
home-made  dung. 

I  do  not  refer  to  the  mechanical  effect  which  farmyard  manure 
is  capable  of  producing.  This  mechanical  effect,  especially  im- 
portant in  reference  to  heavy  clay  soils,  ought  to  be  duly  regarded 
in  estimating  the  value  of  common  dung,  but  for  the  present  it 
may  suffice  to  draw  attention  to  the  fact,  that  even  fresh  dung 
contains  a  great  variety  of  both  organic  and  inorganic  compounds 
of  various  degrees  of  solubility.  Thus,  for  instance,  we  find  in 
fresh  manure  volatile  and  ammoniacal  compounds,  salts  of  am- 
monia, soluble  nitrogenized  organic  matters,  and  insoluble 
nitrogenized  organic  substances,  or  no  less  than  four  different 
states  in  which  the  one  element,  nitrogen,  occurs  in  fresh  manure. 
In  well-rotten  dung  the  same  element,  nitrogen,  probably  is  found 
in  several  other  forms.  This  complexity  of  composition— difficult, 
if  not  impossible,  to  imitate  by  art — is  one  of  the  reasons  whicli 
render  farmyard  manure  a  perfect  as  well  as  a  universal  manure. 

Rotten  Farmyard  Manure. 

With  a  view  of  ascertaining  the  changes  which  farmyard 
manure  undergoes  in  keeping,  I  submitted  to  analysis  a  well- 
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mixed  sample  of  rotten  dung  produced  under  the  same  circum- 
stances under  which  the  fresh  manure  was  obtained.  The  rotten 
dung  probably  was  at  least  six  months'  old,  possessed  a  dark- 
brown,  almost  black,  colour,  and  appeared  to  be  well-fermented, 
short  dung. 

The  general  composition  of  this  dung  is  presented  in  the  sub- 
joined Table : — 

Composition  of  well-rotten  Manure  (Mixed  Horse,  Cow^  and  Pig  Dung), 
Analyzed  Dec.  5tb,  1854. 

•  .   i        In  natural  state.  Calcolated  dry. 

Water       75*42 

•Soluble  organic  matter 3'71  15'09 

Soluble  inorganic  matter         1'47  6'98 

tlnsoluble  organic  matter        12-82  52-15 

Insoluble  inorganic  matter 6-58  26*78 

100-00  100-00 

♦  Containing  nitrogen -297  1-21 

Equal  to  ammonia      -360  1*47. 

t  Containing  nitrogen -309  1-26 

Equal  to  anmionia      -375  1*53 

Total  amount  of  nitrogen  ..      ....     ..       -606  2*47 

Equal  to  ammonia       *735  3*00 

I  have  determined  in  this  manure  likewise  the  proportion  of 
ammonia  present  in  a  volatile  form,  as  well  as  the  ammonia 
which  is  disengaged  on  distilling  with  quicklime  the  residue, 
from  which  the  free  ammonia  has  been  driven  off,  and  have  ob- 
tained the  following  results : — 

»  "■^,  -"^    In  natural  state.  Calculated  dry. 

Percentage  of  free  ammonia        ..      ..      ..         -046  -189 

„           ammonia  in  form  of  salts  (readily)  .q-^  .232 

decomposed  by  quicklime) / 

The  proportion  of  free  ammonia  in  well-rotten  dung  thus 
appears  not  much  larger  than  in  fresh  dung  produced  under  the 
same  circumstances ;  and  the  amount  of  ammonia  present  in 
rotten  dung  in  the  form  of  salts,  which  are  readily  decomposed 
bj  quicklime,  to  be  almost  identical  with  that  contained  in  the 
fresh  manure.  Further  remarks  on  the  composition  of  rotten 
dung  I  shall  reserve  until  I  have  stated  the  composition  of  the 
soluble  and  insoluble  ash  and  the  detailed  composition  of  the 
whole  manure  in  its  natural  and  dry  state.  In  the  following 
Table  the  composition  of  the  soluble  part  of  the  inorganic  matters 
in  well-rotten  farmyard  manure  is  given : — 
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Analysis  made  Dec.  5, 1854. 

Composition  of  Ash  of  Portion  soluble  in  Water. 

SolnWe  silica 17-31 

Phosphate  of  lime 26-00 

Lime 7-97 

Magnesia 3*24 

Potash       30-37 

Soda 1-60 

Chloride  of  sodium 2-63 

Sulphmic  acid 3*93 

Carhonic  acid  and  loss      7*05 

100-00 

On  comparing  these  analytical  results  with  those  obtained 
the  analyses  of  the  soluble  ash  of  fresh  dung,  it  will  be  seen  th 
the  amount  of  soluble  phosphate  of  lime  (bone-earth)  in  t 
rotten  dung  is  much  greater  than  in  the  fresh.  Phosphate 
lime,  next  to  potash,  is  the  most  abundant  constituent  of  tl 
ash. 

Other  differences  between  the  soluble  ash  of  fresh  and  rott 
dung  are  too  trifling  to  call  for  any  special  remarks.  On  t 
whole,  a  close  similarity  in  the  composition  of  both  is  su£Bicien1 
apparent. 

The  next  table  represents  the  composition  of  the  insoluble  a 
of  rotten  dung : — 

Analysis  made  Dec.  5, 1854. 

Composition  of  Ash  of  Portion  insduUe  in  Water. 

Solnhle  silica 21-65 

Insoluble  silica         15-35 

Oxides  of  iron  and  alumina  and  phosphates         ..  14*40 

CJontaining  phosphoric  acid      ^'^^) 

Equal  to  bone  earth          (9K)3) 

Lime 25-34 

Magnesia 1-38 

Potash        -69 

Soda -58 

Sulphuric  acid '96 

Carbonic  acid  and  loss     19*65 

100-00 

The  same  constituents  which  occur  in  the  insoluble  ash 
fresh  manure  are  found  in  the  insoluble  ash  of  the  rotten  dung 
very  nearly  the  same  relative  proportions.  The  insoluble  ash 
rotten  dung,  however,  contains  still  less  potash,  as  nearly  all  p 
ash  is  contained  in  the  soluble  ash. 

From  the  foregoing  results  the  composition  of  the  whole  8 
left  on  burning  of  well -rotten  dung  has  been  calculated. 
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Analysis  made*  December  5, 1854. 

Composition  of  whdU  Ash, 

Soluble  silica 

Phosphate  of  lime 

Lime         

Magnesia 

Potash       

Soda 

Chloride  of  sodium 

Sulphuric  acid  

Carbonic  acid  and  loss 


316 

4-75 

1-44 

•59 

5-58 

•29 

•46 

•72 

1-28 


g  a 


Soluble  i^ca 

Insoluble  silica         

Phosphate  of  lime 

Oxides  of  iron,  alumina,  with  phosphates 

Containing  phosphoric  acid 

Equal  to  bone  earth        

<  Lime         

Magnesia 

Potash      

Soda 

Chloride  of  sodium 

Sulphuric  acid         

Carbonic  acid  and  loss 


17-69 
12-54 


11-76 

(8-40) 

(7-36) 

20-70 

1-17 

-56 

•47 


Arranged  together. 

20-85 

12-54 

4-75 

11-76 


•79 
16-05 

100-00 


r3-40) 

(7-36) 

22-14 

1-76 

6-14 

•46 

•76 

1-51 

17-33 


100-00 


As  the  relative  proportion  of  soluble  to  insoluble  ash  dif- 
ers  in  rotten  from  that  in  fresh  dung,  the  composition  of  the 
rhole  ash  of  both  presents  some  variations,  observable  especially 
a  the  amount  of  potash,  which  is  much  greater  in  the  ash  of 
resh  dung,  and  in  a  minor  degree  in  the  proportion  of  phos- 
hate  of  lime. 

In  the  next  place  I  beg  to  direct  attention  to  the  subjoined 
^able,  representing  the  detailed  composition  of  rotten  dung  : — 


Analysis  made  Dec.  5, 1854. 
Detailed  Composition  of  Manure  in  Natural  State, 

Water       

*  Soluble  organic  matter 

Soluble  inorganic  matter  (ash) : — 

Soluble  silica     -254 

Phosphate  of  lime     -382 

Lime '117 

Magnesia '047 

Potash        -446 

Soda -023 

Chloride  of  sodium -037 

Sulphuric  acid '058 

Carbonic  acid  and  loss       -106 


75-42 
3-71 


1-47 


Carryforward 80-60 
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Brought  forward 80*60 

t Insoluble  organic  matter       12*82 

Insoluble  inorganic  matter  (ash)  : — 

Soluble  silica      1*424 

Insoluble  silica  ..      ..      1*010 

Oxides  of  iron  and  alumina,  with  phosphates        *947 

Containing  phosphoric  acid       ..   f*274) 

Equal  to  bone  earth  ..      ..   0573) 

Lime ..      ..   1*667 

Magnesia *09l 

Potash        V '045 

Soda -038 

Sulphuric  acid '063 

Carbonic  acid  and  loss      1*295 

6*58 

100-00 

♦  Containing  nitrogen '297 

Equal  to  ammonia *d6 

t  Containing  nitrojgen *309 

Equal  to  ammonia *375 

Whole  manure  contains  ammonia  in  free  state  '   . .  *046 

y,  ,f  form  of  Salts  *057 

Dried  at  212^  F.  the  composition  of  this  manure  is  as  follows : 
Composition  of  the  same  Manure  in  dry  state. 

♦Soluble  organic  matter 15*00 

Soluble  inorganic  matter : — 

Soluble  silica      1*035 

Phosphate  of  lime 1*554 

Lime '476 

Magnesia -193 

Potash        1'816 

Soda  H -140 

Chloride  of  sodium "151 

Sulphuric  acid -235 

Carbonic  acid  and  loss       ;      ..     '380 

6*98 

flnsoluble  organic  matter         52*15 

Insoluble  inorganic  matter  :— 

Soluble  silica     5*79 

Insoluble  silica 4*11 

Oxides  of  iron  and  alumina,  with  phosphates  3*85 

Containing  phosphoric  acid      Q'^^) 

Equal  to  bone  earth v2*41) 

Lime 6*78 

Magnesia '37 

Potash        -18 

Soda -15 

Sulphuric  acid -29 

Carbonic  acid  and  loss       5*26 

26-78 

100*00 

*  Containing  nitrogen 1*21 

Equal  to  ammonia ..     1*47 

t  Containing  nitrogen 1*26 

Equal  to  ammonia 1*53 

Whole  manure  contains  ammonia  in  fi-ee  state    ..  *189 

,,                      n                     form  of  salts  '232 
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The  comparison  of  these  analytical  results  with  the  numbers 
obtained  in  the  analysis  of  the  fresh  manure,  exhibits  several 
striking  differences,  to  some  of  which  I  beg  to  direct  attention. 

1.  The  well-rotten  dung  contains  nearly  10  per  cent,  more 
water  than  the  fresh.  The  larger  percentage  of  water,  it  is  true, 
may  be  purely  accidental ;  but,  considering  the  tendency  of  the 
liquid  excrements  to  sink  to  the  lower  part  of  the  manure  pit  in 
which  the  rotten  dung  accumulates,  I  believe  rotten  dung  will 
always  be  found  moister  than  fresh  dung  upon  which  no  rain 
has  fallen. 

2.  Notwithstanding  the  much  larger  percentage  of  moisture  in 
the  well -rotten  dung,  it  contains  in  its  natural  state,  with  75i  per 
cent,  of  water,  almost  as  much  nitrogen  as  the  fresh  dung,  with 
only  66  per  cent,  of  moisture.  Supposing  both  to  be  equally 
moist,  there  would  thus  be  considerably  more  nitrogen  in  rotten 
dung  thap  in  an  equal  weight  of  fresh.  This  is  clearly  observed 
by  comparing  the  total  amount  of  nitrogen  in  the  perfectly  dry 
fresh  and  rotten  dung.  In  the  former  it  amounts  to  1*90  per 
cent,  of  nitrogen,  in  the  latter  to  2*47.  As  far  as  this  most 
valuable  element  is  concerned,  farmyard  manure  becomes  much 
richer,  weight  for  weight,  in  becoming  changed  from  fresh  into 
rotten  dung. 

3.  During  the  fermentation  of  the  dung  the  proportion  of 
insoluble  organic  matters  greatly  diminishes ;  thus  the  dry  fresh 
manure  contained  76  per  cent,  of  insoluble  organic  matters,  whilst 
there  were  only  52  per  cent,  in  the  dry  rotten  dung. 

4.  It  is  especially  worthy  of  observation  that,  whilst  the  inso- 
luble organic  matter  is  much  reduced  in  quantity  during  the 
fermentation,  the  insoluble  organic  matter  which  remains  behind 
in  rotten  dung  is  richer  in  nitrogen  than  an  equal  quantity  of  in- 
soluble organic  matter  from  fresh  dung.  Thus  76  per  cent,  of 
insoluble  organic  matter  of  fresh  dung  contain  1*46  per  cent., 
whilst  52  per  cent,  of  it  from  rotten  dung  very  nearly  contain  the 
same  quantity,  namely,  1*26.     Or, — 

100  parts  of   insoluble  organic  matter  )  0.41 
from  rotten  dung  contain  ..      ..   /  ^  **  " 

5.  On  the  other  hand,  the  relative  proportion  of  insoluble 
inorganic  matters  increases  much  during  the  fermentation  of  the 
dung,  since  dry  fresh  dung  contains  about  12  per  cent,  of 
insoluble  mineral  matters,  and  dry  well-rotten  dungs  26*8  per 
cent.,  or  more,  than  double  the  amount  which  is  found  in  fresh 
dung. 

6.  But  perhaps  the  most  striking  difference  in  the  compo- 
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sition  of  fresh  and  rotten  dung  is  exhibited  in  the  relative  pro- 
portions of  soluble  organic  matter.  Well-rotten  dung,  it  will  be 
observed,  contains  rather  more  than  twice  as  much  soluble  or- 
ganic matters  as  the  fresh ;  with  this  increase  the  amount  of 
nitrogen  present  in  a  soluble  state  rises  from  *44  per  cent  to 
1'21  per  cent. 

7.  Not  only  does  the  absolute  amount  of  soluble  nitrogenised 
matters  increase  during  the  fermentation  of  dung,  but  the  soluble 
organic  matters  relatively  get  richer  in  nitrogen  also.     Thusi, — 

't>Kb  ftSr'?''  T'r.  ]  6-14l«rcent.  of  nitrogen. 
100  parts  of  dry  organic  soluble  matter  j  g.Q2 
from  rotten  dung  contain )  "  " 

8.  Lastly,  it  will  be  seen  that  the  proportion  of  soluble  mineral 
matters  in  rotten  dung  is  more  considerable  than  in  fresh. 

9.  On  the  whole,  weight  for  weight,  well-rotten  farmyard 
manure  is  richer  in  soluble  fertilizing  constituents  than  fresh 
dung,  and  contains  especially  more  readily  available  nitrogen, 
and  therefore  produces  a  more  immediate  and  powerful  effect  on 
vegetation. 

Bearing  in  mind  the  differences  observable  in  the  compositi<m  of 
fresh  and  rotten  dung,  we  can  in  a  general  manner  trace  the  changes 
which  take  place  in  the  fermentation  of  dung.  Farmyard  manure, 
like  most  organic  matters,  or  mixtures  in  which  the  latter  eaUx 
largely,  is  subject  to  the  process  of  spontaneous  decomposition, 
which  generally  is  called  fermentation,  but  more  appropriately 
putrefaction.  The  nature  of  this  process  consists  in  the  gradual 
alteration  of  the  original  organic  matters,  and  in  the  formaticm  of 
new  chemical  compounds.  All  organic  matters,  separated  from 
the  living  organism,  are  affected  by  putrefaction,  sopie  more 
readily,  others  more  slowly.  Those  organic  substances  which, 
like  straw,  contain  but  little  nitrogen,  on  exposure  to  air  and 
moisture  at  a  somewhat  elevated  temperature  decompose  sponta- 
neously and  slowly,  without  disengaging  any  noxious  smell.  On 
the  other  hand,  the  droppings  of  animals,  and  especially  their 
urine,  which  is  rich  in  nitrogenous  compounds,  rapidly  enter 
into  decomposition,  producing  disagreeable-smelling  gases.  In  a 
mixture  of  nitrogenous  substances  and  organic  matters  free  from 
nitrogen,  the  former  are  always  first  affected  by  putrefaction ; 
the  putrefying  nitrogenised  matters  then  act  as  a  ferment  on 
the  other  organic  substances,  which  by  themselves  would  resist 
the  process  of  spontaneous  decomposition  much  longer.  Without 
air,  moisture,  and  a  certain  amount  of  heat,  organic  matters  can- 
not enter  into  putrefaction.  These  conditions  exist  [in  the  drop- 
pings of  cattle  and  the  litter  of  the  stables,  hence  putrefaction 
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soon  affects  fresh  dung.  Like  many  chemical  processes,  putre- 
faction is  accompanied  Avith  evolution  of  heat.  Air  and  water 
exercise  an  important  influence  on  the  manner  in  which  the  de- 
composition of  organic  matters  proceeds.  Both  are  absolutely 
requisite  in  order  that  putrefaction  may  take  place.  Perfectly 
dry  organic  substances  remain  unaltered  for  an  indefinite  period, 
as  long  as  they  are  kept  perfectly  dry.  But  too  large  an  amount 
of  water,  again,  retards  the  spontaneous  decomposition  of  organic 
substances,  as  it  excludes  the  access  of  air  and  prevents  the  ele- 
vation of  temperature,  both  of  which  conditions  greatly  increase 
the  rapidity  with  which  organic  matters  are  decomposed.  Al- 
though air  is  an  essential  element  in  the  putrefaction  of  organic 
matters,  the  unlimited  access  is  unfavourable  to  this  process  of 
spontaneous  decomposition,  and  is  productive  of  new  changes. 
In  farmyard  manure  the  unlimited  access  of  air  is  prevented  by 
the  compact  nature  of  dung-heaps,  consequently  only  a  limited 
quantity  of  air  can  find  its  way  into  the  interior  of  the  mass. 
During  the  fermentation  of  fresh  dung,  disagreeable  smelling 
gases  are  given  off.  These  arise  principally  from  the  sulphur, 
and  from  the  phosphorus  of  the  nitrogenized  compounds  present 
in  dung.  A  considerable  proportion  of  this  sulphur  and  the 
phosphorus  combine  with  hydrogen,  and  form  sulphuretted  and 
phosphoretted  hydrogen — two  extremely  nauseous  gases,  which 
both  escape  from  fermenting  dung-heaps.  Another  portion  of 
the  sulphur  and  the  phosphorus  unites  with  atmospheric  oxygen, 
and  in  the  presence  of  porous  substances  becomes  changed  into 
sulphuric  and  phosphoric  acid,  two  non-volatile  compounds, 
which  are  left  behind. 

We  have  seen  the  relative  proportion  of  inorganic  matters  in 
well-rotten  dung  is  much  greater  than  in  fresh.  This  increase  in 
mineral  matters  can  have  only  been  produced  on  the  expense 
of  organic  substances,  the  quantity  of  which  during  the  process 
of  fermentation  must  decrease  in  a  corresponding  relative  degree. 
Thus  the  total  amount  of  organic  and  inorganic  matters  in  fresh 
dung,  dried  at  212®  Fahr.,  is, — 

Organic  matters        83*48 

Inorganic  matters     1G*52 


100-00 
Whilst  in  rotten  dung  there  are  in  100 — 

Organic  substances 68*24 

Mineral  substances 31*76 

100*00 
VOL.  XVIL  P 
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It  is  clear  therefore  that,  during  the  fermentation  of  dung, 
much  of  the  organic  substances  must  become  changed  into  com- 
pounds which  are  either  readily  soluble  in  water,  and  easily 
washed  out  by  heavy  rains,  or  into  gaseous  products,  which  are 
readily  volatilized.  In  point  of  fact,  both  volatile  gases  and 
readily  soluble  organic  compounds  are  formed.  Amongst  the 
former,  carbonic  acid  and  ammonia  deserve  especial  mention; 
amongst  the  latter,  soluble  humates  and  ulmates  may  be  named. 
These  ulmates  and  humates  are  dark-brown-coloured  compounds 
of  humic  and  ulmic  acids,  with  the  alkalies,  potash,  soda,  and  am- 
monia. Ulmic  and  humic  acids  in  a  free  state  are  scarcely 
soluble  in  water,  and  for  this  reason  colour  it  only  light  brown. 
These  organic  acids  have  a  very  powerful  affinity  for  ammonia, 
in  consequence  of  which  they  lay  hold  of  any  free  ammonia, 
which  is  generated  in  the  fermentation  of  dung,  and  fix  it  per- 
fectly, as  long  as  no  other  compound  is  present  or  produced  in 
fermenting  dung,  which  at  an  elevated  temperature  again  destroys 
the  union  of  ammonia  with  humic,  ulmic,  and  sinularly  consti- 
tuted acids.  Now,  ammonia  is  generated  during  the  putrefaction 
of  the  nitrogenized  constituents  of  dung  in  large  quantities,  and 
would  be  dissipated  into  the  air  much  more  rapidly  than  is  the 
case  in  reality,  if  there  were  not  formed  in  the  dung  itself  a 
group  of  organic  compounds,  which  act  as  most  excellent  fixers 
of  the  volatile  ammonia.  I  refer  to  the  humus  substances, 
which  are  gradually  produced  from  the  non-nitrogenized  consti- 
tuents of  dung.  In  other  words,  the  straw  employed  as  litter 
during  the  putrefaction  of  dung  is  to  a  great  extent  c  inverted 
into  humic  and  ulmic  acids,  which  fix  to  a  certain  extent  the 
ammonia  produced  from  the  more  nitrogenous  excrementitious 
matters.  The  pungent  smell  of  fermenting  dung,  however,  shows 
that  the  volatile  ammonia  cannot  be  fixed  entirely  by  these 
means.  In  the  course  of  this  inquiry  I  shall  point  out  the  reason 
of  this,  and  content  myself  in  this  place  by  saying  that  the  pro- 
portion of  ammonia  which  passes  into  the  atmosphere  from  fer- 
menting dung-heaps,  and  the  loss  which  hereby  is  occasioned,  is 
much  less  considerable  than  it  is  generally  assumed  to  be.  In 
fermenting  dung-heaps  the  carbonaceous  constituents  at  first  are 
changed  into  humus  substances,  but  these  are  rapidly  oxidized 
by  atmospheric  oxygen,  and  partly  changed  into  carbonic  acid,  a 
gaseous  substance  which,  in  conjunction  with  oxide  of  carbon  and 
carburetted  hydrogen,  is  given  off  abundantly  from  all  putrefying 
organic  matters. 

I  have  endeavoured  to  describe  briefly  the  principal  changes 
which  take  place  in  the  fermentation  of  farmyard  manure.  It 
has  been  shown : — 
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1.  That  daring  the  fermentation  of  dung  the  promrtion  of 
both  soluble  organic  and  soluble  mineral  matters^rapidly 
increases. 

i.  That  peculiar  organic  acids,  not  existing — at  least,  not  in 
considerable  quantities — are  generated,  during  the  ripening  of 
dung  from  the  litter  and  other  nournitrogenized  organic  consti- 
tuents of  manure. 

3.  That  these  acids  (humic,  ulmic,  and  similar  acids)  form, 
with  potash,  soda,  and  ammonia,  dark-coloured,  very  soluble 
compounds.  Hence  the  dark  colour  of  the  drainings  of  dung- 
heaps. 

4.  That  ammonia  is  produced  from  the  nitrogenous  constituents 
of  dung,  and  that  this  ammonia  is  fixed,  for  the  greater  part,  by 
the  humus  substances  produced  at  the  same  time. 

5.  That  a  portion  of  the  sulphur  and  phosphorus  of  the  excre* 
mentitious  matters  of  dung  is  dissipated,  in  the  form  of  sul- 
phuretted and  phosphoretted  hydrogen.  * 

6.  That  volatile  ammoniacal  compounds,  apparently  in  incon- 
siderable quantities,  escape  into  the  air. 

7.  That  the  proportion  of  organic  substances  in  fresh  dung 
rapidly  decreases  during  the  fermentation  of  dung,  whilst  the 
mineral  substances  increase  in  a  corresponding  degree. 

8.  That  this  loss  of  organic  substances  is  accounted  for  by  the 
formation  of  carbonic  acid,  oxide  of  carbon,  and  light-carburetted 
hydrogen,  or  marsh-gas. 

9.  That  the  proportion  of  nitrogen  is  larger  in  rotten  than  in 
fresh  dung. 

The  practical  result  of  these  changes  is,  that  fresh  manure,  in 
ripening,  becomes  more  concentrated,  more  easily  available  to 
plants,  and,  consequently,  more  energetic  and  beneficial  in  its 
action.  It  may  be  questioned,  with  much  propriety, — Is  this 
apparently  desirable  result  attained  without  any  appreciable 
loss  ?  or  is  it  realised  at  too  great  an  expense  ?  In  other  words, 
Is  the  fermentation  of  dung,  or  is  it  not,  attended  with  consider- 
able loss  of  really  valuable  fertilizing  substances  ? 

In  putting  this  question  we  have  to  bear  in  mind  that  the  loss 
in  valuable  mineral  matters,  under  proper  management,  practi- 
cally speaking,  can  be  avoided,  since  they  are  non-volatUe,  and, 
therefore,  must  remain  incorporated  with  the  dung,  if  care  be 
taken  to  prevent  their  being  washed  away  by  heavy  falls  of  rain. 
We  have  likewise  to  bear  in  mind  that,  in  an  agricultural  point 
of  view,  the  ^carbonaceous,  non-nitrogenized  manure-constituents 
do  not  possess  a  very  high  intrinsic  value ;  a,]id  that  we  therefore 
need  not  trouble  ourselves  about  their  diminution,  if  it  can  be 
shown  that  it  is  accompanied  with  other  beneficial  changes.    The 
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only  other  constituents  which  can  come  into  consideration  are 
the  nitrogenized  matters.  The  question  may  therefore  be  thus 
simplified :  Is  the  fermentation  of  farmyard-manure  necessarily 
attended  with  any  appreciable  loss  in  nitrogen  ? 

Any  one  may  ascertain  that  fermenting  dung  gives  off  am- 
monia, by  holding  over  a  dungheap,  in  active  fermentation, 
a  moistened  reddened  litmus-paper.  The  change  of  the  red 
colour  into  blue  sufficiently  shows  that  there  is  an  escape  of 
ammonia.  However,  this  experiment  does  not  prove  as  much 
as  is  sometimes  believed ;  for  inasmuch  as  the  most  minute 
traces  of  ammonia  produce  this  change  of  colour,  the  escape  of 
this  volatile  fertilizing  matter  may  be  so  small  that  it  is  practi- 
cally altogether  insignificant.  The  comparison  of  fresh  with 
rotten  dung,  we  have  seen  already,  does  not  decide  whether  or 
not  fresh  farmyard  manure  sustains  a  loss  in  nitrogen  in  becoming 
changed  into  rotten  manure.  Apparently  there  is  a  gain  in 
nitrogen,  for  we  have  seen  that  rotten  dung  contains  more  nitrogen 
than  fresh.  This  gain  in  nitrogen,  however,  is  explained  by  the 
simultaneous  disappearance  of,  relatively,  a  much  larger  quantity 
of  carbonaceous  organic  matter.  Still  the  accumulation  of  nitrogen 
in  rotten  dung  is  important,  and  hardly  to  be  expected ;  for, 
since  a  considerable  portion  of  the  nitrogenized  organic  matters 
is  changed  into  volatile  ammonia  during  fermentation,  a  loss, 
instead  of  a  gain,  in  nitrogen  naturally  might  be  expected.  A 
much  greater  loss  in  nitrogen  than  is  actually  experienced  would, 
indeed,  take  place  during  the  fermentation  of  dung,  if  this  pro- 
cess were  not  attended  with  the  simultaneous  formation  within 
the  manure-heap  of  excellent  fixers  of  ammonia. 

Already  at  the  beginning  of  my  experiments  I  was  thoroughly 
convinced  that  the  mere  analysis  of  farmyard  manure  would  not 
decide  the  question  which  has  just  been  raised,  and  therefore  at 
once  determined  to  make  the  analyses  in  conjunction  with  direct 
weighings  of  dung  in  various  stages  of  decomposition.  To  this 
end  I  weighed  out  carefully  two  cartloads-full  of  the  same  well- 
mixed  sample  of  fresh  farmyard  manure,  the  full  analysis  of 
which  is  given  in  the  preceding  pages.  The  manure  was  placed 
in  a  heap  set  against  a  stone  wall,  but  otherwise  exposed  to  the 
influence  of  the  weather.  The  entire  crude  loss  which  this 
experimental  heap  sustained  in  the  course  of  time  was  ascer- 
tained by  periodical  weighings  on  the  weighbridge.  Simul- 
taneously with  these  weighings  the  manure  was  submitted  to 
analysis,  and  thus  I  was  enabled  not  only  to  determine  from  time 
to  time  the  loss  in  weight  which  the  experimental  heap  sus- 
tained in  keeping,  but  also  to  ascertain  which  constituents  were 
affected  by  this  loss,  and  in  which  relative  proportions.     I  shall 
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call  this  experimental  heap  "  Fresh  Farmyard  Manure,  No.  I., 
Exposed." 

Another  obiect  I  had  in  view  was  to  exanaine  the  relative 
merits  of  various  practical  methods  of  the  treatment  of  dung  on 
the  farm.  This  I  endeavoured  to  attain  by  a  series  of  strictly 
comparative  practical  and  analytical  experiments.  For  this 
purpose,  I  carefully  weighed  out  two  additional  cartloads  of  fresh, 
well-mixed  farmyard  manure,  taken  from  the  same  heap  from 
which  the  experimental  heap,  No.  I.,  was  formed.  It  was  placed 
next  to  the  heap  No.  I.,  but  sheltered  from  rain,  sun,  and  sweeping 
winds  by  being  kept  under  a  shed.  This  heap  will  be  described, 
in  the  following  pages,  as  "  Fresh  Farmyai-d  Manure,  No.  11., 
Under  Shed." 

In  order  to  examine  the  merits  of  making  farmyard  manure  in 
open  yards,  I  weighed  out  1  cartload  of  the  same  fresh,  well- 
mixed  manure,  and  spread  it  evenly  to  about  the  same  thickness 
in  which  manure  is  found  under  cattle  in  open  yards,  in  an 
enclosed  space,  in  close  proximity  to  the  other  experimental 
heaps.  This  heap  is  called  "  Fresh  Farmyard  Manure,  No.  III., 
Spread." 

Finally,  I  put  up  a  small  heap  of  the  same  well-rotten  dung, 
the  analysis  of  which  has  been  stated  above.  Like  the  experi- 
mental heap  No.  I.,  it  was  placed  against  a  stone  wall,  but  other- 
wise exposed  to  the  influence  of  the  weather.  Under  the  name 
of  "  Well-rotten  Farmyard  Manure,  No.  IV.,  Exposed,"  it  will 
be  described  in  the  succeeding  pages. 

All  four  experimental  heaps  were  again  weighed  on  the  14th 
of  February,  1855,  after  having  thus  been  kept  for  3  months 
and  11  days.  At  the  same  time  at  which  the  weighings  were 
made,  samples  of  each  were  taken  for  analysis,  and  the  water- 
"  determinations  made  immediately.  Unfortunately,  I  discovered, 
just  when  the  last  heap  was  placed  on  the  weighbridge,  that  the 
frost  had  impaired  the  accuracy  of  the  balance,  and  I  had,  there- 
fore, no  alternative  but  to  reject  the  weighings  in  toto,  and  can 
supply  therefore  for  this  month  only  the  analyses.  This  is  the 
more  to  be  regretted,  as  I  submitted  samples  of  three  of  the  ex- 
perimental heaps  to  a  strict  and  detailed  analysis.  I  trust, 
however,  the  subjoined  analyses  will  not  be  void  of  interest. 

The  following  Table  exhibits  the  composition  of  "  Experi- 
mental Heap  No.  I.,  Exposed,"  in  its  natural  state  : — 


214  Farmyard  Manure. 

Composition  of  Fresh  Farmyard  Manure  (No.  I.),  Exposed,  in  Natural  Stati 
Taken  for  analysis,  Feb.  14, 1855. 

Water      ..      69-83 

•Soluble  organic  matter 3*86 

Soluble  inorganic  matter  (ash) : — 

Soluble  silica -279 

Phosphate  of  lime -300 

Lime -048 

Magnesia '019 

Potash        1-096 

Soda -187 

Chloride  of  sodium 'lOe 

Sulphuric  acid -160 

Carbonic  acid  and  loss       -775 

2-97 

l-Insoluble  organic  matter 18*44 

Insoluble  inorganic  matter  (ash)  :  — 

Soluble  silica      '712 

Insoluble  silica '857 

Oxide  of  iron  and  alumina,  with  phosphates  . .  *810 

Containing  phosphoric  acid       (-177) 

Equal  to  bone  earth (-277) 

Lime 1-291 

Magnesia -029 

Potash -127 

Soda -046 

Sulphuric  acid -099 

Carbonic  acid  and  loss       *929 

4-90 

100-00 

*  Containing  nitrogen *27 

Equal  to  ammonia      *32 

f  Containing  nitrojfl^   ^ -47 

Equal  to  ammoma      -57 

Whole  manure  contains  ammonia  in  free  state     ..  '019 

„                   „                     in  form  of  salts  ..  *064 

The  same  manure,  in  a  perfectly  dry  state,  contains  in  10 
parts: — 

*  Soluble  organic  matter 12*79 

Soluble  inorganic  matter  (ash)  : — 

Soluble  silica -924 

Phosphate  of  lime -985 

Lime '160 

Magnesia *065 

Potash        3-632 

Soda -621 

Chloride  of  sodium -351 

Sulphuric  acid -532 

Carbonic  acid  and  loss      2*670 

9-84 

Carry  forward     ..      ..     22*63 
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Brought  forward    ..      *.     22-63 
"Mnsoluble  organic  matter ^.         61*12 

Insoluble  inorganic  matter : — 

Soluble  silica      ..      ..  2-364 

Insoluble  silica ..      ..  2-844 

Oxides  of  iron  and  alumina,  with  phosphates  2*689 

Containing  phosphoric  acid       (-589) 

Equal  to  bone  earth ('919) 

Lime 4*281 

Magnesia ..      ..     •097 

Potash         *422 

Soda *166 

Sulphuric  acid -329 

Carbonic  acid  and  loss       3-066 

16.25 


100*00 


•  Containing  nitrogen ,.  'Ql 

Equal  to  ammonia       1*10 

t  Containing  nitrogen 1*55 

Equal  to  ammonia 1*88 

Whole  manure  contains  ammonia  in  free  state       . .  0*62 

„                           ,,                 in  form  of  Bidts  . .  -212 

(Composition  of  Ash  of  jportion  Soluble  in  Water  of  the  same  Manure, 

Soluble  silica 9*40 

Phosphate  of  lime ,.      ..  10*12 

Lime 1*63 

Magnesia -67 

Potash        36-92 

Soda 6*32 

Chloride  of  sodium 3*57 

Sulphuric  acid 5*41 

Carbonic  acid  and  loss      25*96 

100*00 

Composition  of  Ash  of  portion  InsduUe  in  Water  of  the  same  Manure, 

Soluble  silica 14*65 

Insoluble  silicious  matter  (sand) 17*50 

Oxides  of  iron  and  alumina,  with  phosphates      ..  16*66 

Containing  phosphoric  acid      *.      ..  (8*63) 


Equal  to  bone  earth (5-66^ 

Lime 26*35 

Magnesia ,.      ..  *60 

Potash       2*60 

Soda -95 

Sulphuric  acid 2*03 

Carbonic  acid  and  loss 18*87 

•100-00 

In  the  next  Table  is  given  the  composition  of  the  whole  ash 
left  on  burning  the  manure. 
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Composition  of  whde  Ash  of  Fresh  Farmyard  Manure  (No.  I.),  Exposed 

r  Soluble  silica 3-55 

Phosphate  of  liine 3'82 


Lime         -62 

Magnesia '25 

Potash       13-93 

Soda 2-38 

Chloride  of  sodium 1*35 

Sulphuric  acid 2*04: 

Carbonic  acid 9*80 


c8  ^' 


I 

Soluble  silica 9-06 

Insoluble  silica         10*89 

Phosphate  of  lime 

Oxide  of  iron  and  alumina,  with  phosphates  10*30 

Containinj;  phosphoric  acid     (2*26) 

Equal  to  bone  earth (3*52) 

Lime 16*41 

Magnesia '37 

Potash       1*62 

Soda ,.         -59 

Chloride  of  sodium 

Sulphuric  acid 1*27 

,  Carbonic  acid 11*75 


Arranged  together. 
12*61 
10*89 

3*82 
10*30 
(2*26> 
(3*52) 
17*03 
•62 
15-55 

2-97 

1*35 

3-31 
21*55 


100*00  100*00 

A  comparison  of  these  analytical  results  with  the  analysis 
which  was  made  of  the  fresh  manure,  on  the  3rd  of  November, 
1854,  will  show  : — 

1.  That  there  is  more  water  in  the  manure  on  the  14th  of 
February,  1855. 

2.  That,  notwithstanding  the  larger  proportion  of  water,  the 
soluble  organic  and  mineral  matters  have  become  more  abundant, 
whilst  the  insoluble  organic  matters  have  become  diminished  in 
quantity. 

Thus,  in  November,  the  manure  contained  2'48  per  cent  of 
soluble  organic  matter,  and  1*54  mineral  substances ;  and  in 
February,  3*86  per  cent,  organic  and  2*97  mineral  substances; 
whilst  the  proportion  of  insoluble  organic  matters  in  November 
amounts  to  25*76  per  cent.,  and  in  February  to  only  18*44 
per  cent. 

These  differences  are  still  more  striking,  if  we  make  the  com- 
parison with  the  perfectly  dry  manure.  It  will  then  be  found 
that  the  manure  contained  : — 


Nov.  3, 1854.  1 

Feb.  14, 1855. 

percent. 

percent. 

Soluble  organic  matters 

..       7*33 

12*79 

Solul?le  mineral  matters     .. 

..       4*55 

9*84 

Insoluble  organic  matter     .. 

..     76-15 

61*12 

Insoluble  mineral  matters  . . 

..     11*97 

16*25 

100*00 


100*00 
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3.  That  the  total  percentage  of  organic  substances  decreases, 
whilst  that  of  mineral  matters  increases.  Thus  the  fresh  manure 
contained — 

In  Nov.  In  Feb. 

Organic  matters 28-24  22*30 

Mineral  matters 5-59  7'87 

And  the  perfectly  dry  manure — 

Organic  matters 83-48  73-91 

Mineral  matters 16-52  26-09 

4.  That  the  percentage  of  nitrogen  in  the  February  analysis  is 
slightly  greater  than  in  November. 

5.  That  there  is  about  the  same  inconsiderable  amount  of  free 
ammonia,  and  ammonia  in  the  form  of  readily  decomposable  salts, 
in  the  manure  in  February  which  has  been  found  in  November, 
1854. 

6.  With  respect  to  the  inorganic  constituents,  a  careful  perusal 
of  the  furnished  ash-analyses  will  show  that  the  soluble  portion 
of  the  ash  of  the  February  manure  contains  less  phosphates  of 
lime  and  less  soluble  silica,  but  more  sulphuric  acid,  than  the 
soluble  ash  of  the  perfectly  fresh  manure  analyzed  in  November. 
The  insoluble  portion  of  the  ash  in  February  likewise  contains 
less  phosphates  and  soluble  silica  than  in  November,  and  the 
same  differences  will  be  observed  on  comparing  the  whole  ash  of 
February  with  that  of  November.  It*  would  appear  thus  that  a 
three  months'  exposure  to  the  weather  has  had  the  effect  of 
removing  from  the  manure  an  appreciable  quantity  of  two  very 
important  fertilizing  substances,  namely,  phosphate  of  lime  (bone- 
earth)  and  soluble  silica. 

I  purposely  abstain  from  pointing  out  minor  differences, 
which  will  be  observed  in  the  November  and  February  analyses 
of  this  manure  ;  for  it  must  be  borne  in  mind  that,  in  experi- 
ments with  farmyard  manure,  a  perfectly  uniform  mixture  can 
scarcely  be  obtained.  Minor  variations  in  the  composition  of 
the  manure  of  November  and  February,  therefore,  may  result  as 
likely  from  purely  accidental  causes  as  from  any  real  diflFerence 
in  composition.  The  particulars,  however,  just  mentioned  are 
sufficiently  marked  to  prove  that  they  are  not  due  to  accident, 
hut  to  a  series  of  changes  which  the  fresh  manure  has  undergone 
in  the  course  of  3  months  and  11  days. 

Fresh  Farmyard  Manure  (No.  II.),  Under  Shed. — Put  up  Nov.  3, 
1854.     Analyzed  again  in  Feb.  14,  1855. 

The  fresh  manure  used  for  all  experiments  was  rather  dry,  no 
rain  having  fallen  during  the  fortnight,  in  which  the  dung  was 
coUecteil  from  the  stable,  cow-house,  and  piggeries. 
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Plenty  of  litter  having  been  supplied  to  the  animals,  th 
fresh  manure  appeared  to  me  drier  than  usual,  and  as  the  es 
perimental  heap  under  shed  necessarily  must  lose  a  good  dea 
of  moisture  on  keeping,  I  thought  it  desirable  to  pour  wate 
upon  it,  just  sufficient  to  make  it  as  moist  as  fresh  dun 
generally  appears.  This  addition  of  water,  which  was  not  k 
peated,  explains  that  .the  manure  under  shed  contained  a  littl 
more  moisture  in  February,  1855,  than  when  first  put  up  i 
November,  1854. 

The  following  Table  exhibits  the  composition  of  this  manui 
in  its  natural  state : — 

Fresh  Farmyard  Manure  (No.  11.),  Under  Shed. 

Analysis  made  Feb.  14tli,  1855. 

Composition  of  Manure  in  natural  state. 

Water       67*32 

•Soluble  organic  matter 2*63 

Soluble  inorganic  matter  (ash)  : — 

Soluble  silica     -239 

Phosphate  of  lime     '331 

Lime -056 

Magnesia *004: 

Potash        -676 

Soda -192 

Chloride  of  sodium    * '058 

Sulphnric  acid '119 

Carbonic  acid  and  loss      *445 

2-12 

tinsoluble  organic  matter         20*46 

Insoluble  inorganic  matter  (ash) : — 

Solublesilica      1-893 

Insoluble  silicious  matter  (sand)     1*076 

Oxide  of  iron  and  alumina,  with  phosphates  . .  1*135 

Containing  phosphoric  acid      (298) 

Equal  to  bone  earth (646) 

Lime 1*868 

Magnesia '078 

Potash        -208 

Soda -038 

Sulphuric  acid '098 

Carbonic  acid  and  loss       1*077 

7*47 


100*00 


*  Containing  nitrogen *17 

Equal  to  ammonia      2*06 

t  Containing  nitrogen *58 

Equal  to  ammonia      *70 

Whole  manure  contains  ammonia  in  free  state     ..  0'22 

,,                         ,,                 in  form  of  salts  0*54 
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Composition  of  the  same  Manure  in  dry  state. 

•Soluble  organic  matter 8'04 

Soluble  inorganic  matter,  (ash)  :— 

Soluble  silica      -733 

Phosphate  of  lime      ..  1-013 

Lime '171 

Magnesia -013 

Potash        2-068 

Soda -578 

Chloride  of  sodium -179 

Sulphuric  acid ; .      . .  -366 

Carbonic  acid  and  loss      1*359 

6-48 

tinsoluble  organic  matter        62*60 

Insoluble  inorganic  matter  : — 

Soluble  silica      3-294 

Insoluble  silica 5-800 

Oxide  of  iron  and  alumina,  with  phosphates  ..  3*477 

Containing  phosphoric  acid      ..      (-91) 

Equal  to  bone  earth (1-979) 

Lune 5-722 

Magnesia '240 

Potash        .. -613 

Soda -116 

Sulphuric  acid '302 

Carbonic  acid  and  loss       2-316 

22-88 

100-00 

*  ContainiDg  nitrogen *53 

Equal  to  ammonia     '66 

t  Containing  nitrogen .. 1-77 

Equal  to  ammonia      2-14 

Whole  manure  contains  ammonia  in  free  state      ..  0*67 

„                       y,                in  form  of  salts  1*65 

One  hundred  parts  of  the  soluble  portion  of  the  mineral  matters 
of  the  same  manure  contain  : — 

Soluble  siHca 11*32 

Phosphate  of  lime 15*64 

Lime 2-64 

Magnesia *21 

Potash        31-92 

Soda * 9-07 

Chloride  of  sodium 2*77 

Sulphuric  acid « 6*66 

Carbonic  acid  and  loss      2077 


100-00 


One  hundred  parts  of  the  insoluble  portion  of  the  ash  of  the 
same  manure  furnished  the  following  results : — 
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Soluble  silica 25-36 

Insoluble  silica        14*40 

Oxide  of  iron  and  alumina,  with  phosphates        ..  35'20 

Containing  phosphoric  acid ^4•00^ 

Equal  to  bone  earth        (8-66) 

Lime         25-01 

Magnesia ..  1*05 

Potash      2-73 

Soda          -51 

Sulphuric  acid         1*32 

Carbonic  acid  and  loss 14*43 


100*00 


Taking  into  account  the  relative  proportions  in  which  the 
soluble  mineral  matters  are  mixed  with  the  insoluble  in  this 
manure,  the  composition  of  the  whole  ash  left,  on  burning  of  the 
manure,  has  been  calculated. 

Composition  of  luJiole  Ash,  produced  hy  the  same  Manure, 


it 


|2 


.2  ^ 

ISO 


Soluble  silica 2*50 

Phosphate  of  lime 3*45 

Lime          '58 

Magnesia '04 

Potash       7-05 

Soda 2*03 

Chloride  of  sodium *61 

Sulphuric  acid 1*25 

^Carbonic  acid  and  loss 4*59 

Soluble  silica 19-74 

Insoluble  silica         11*21 

Phosphate  of  lime 

Oxide  of  iron  and  alumina,  Avith  phosphates 

Containing  phosphoric  acid     

Equal  to  bone  earth         

Lime         

Magnesia 

Potash       

Soda 

Chloride  of  sodium 

Sulphuric  acid 1*02 

i  Carbonic  acid  and  loss     11*28 


11*84 

(311) 
(6-745 

19*48 

•82 

2*12 

•39 


Arranged  together. 

22  24 

11*21 

345 

11*84 

(3*11) 

(6*74) 

20*06 

*86 

9*17 

2*42 

•61 

2-27 

15*87 


100-00  100*00 

On  comparing  these  results  with  the  analyses  of  the  fresh 
manure  of  November,  1854,  it  will  be  found  that  the  manure 
kept  under  the  shed  for  3  months  and  11  days  has  suffered  very 
little  change  both  as  regards  organic  and  mineral  constituents. 
It  will  be  perceived  that  the  proportion  of  soluble  compounds  has 
very  little  increased  in  the  course  of  this  time,  and  that  the  per- 
centage of  nitrogen  in  the  manure,  practically  speaking,  has 
remained  unaltered.  Thus  comparing  the  composition  of  the  dry 
manure  of  February  with  that  of  the  fresh  of  November,  it  will 
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^^  seen  that  the  fresh  manure  contained  in  November  7*33  of 
Soluble  organic  matter,  and  in  February  hardly  1  per  cent,  more, 
^B.inely,  8*04  per  cent. 

In  the  fresh,  the  percentage  of  nitrogen  in  the  soluble  organic 
**^atter  is  '44,  and  in  the  same  manure  kept  3  months  11  days 
^Uder  shed,  the  nitrogen  amounts  to  '53  of  a  per  cent.  It  also 
Contains  but  a  trifling  amount  of  free  ammoiua,  and  ammonia  in 
^lie  form  of  salts. 

Apparently  the  manure  has  lost  a  good  deal  of  organic  in- 
soluble matter,  almost  as  much  as  the  exposed  heap.     If,  how- 
ever, we  scrutinize  the  results  obtained  in  the  analysis,  it  will  be 
Seen  that  the  manure  under  shed  contains  a  more  considerable 
I^roportion  of  insoluble  ash,  and  in  this  more  lime  and  insoluble 
silicious  matter,  than  occurs  in  the  experimental  heap    (No  I.) 
Exposed  to  the  weather  for  the  same  length  of  time.     In  the 
latter  the  mineral  insoluble  matter  we  would  naturally  expect  to 
increase,  since  the  soluble  constituents  are  exposed  to  the  solvent 
action  of  falling  rain.    The  manure  under  shed  cannot  be  subject 
to  this  deteriorating  influence.    If  we  find,  notwithstanding,  more 
insoluble   mineral  matters  than  in  the  manure  exposed  to  the 
Aveather,  it  is  plain  that  the  larger  amount  of  insoluble  mineral 
matters,  which  causes  the  apparent  diminution  of  insoluble  organic 
compounds,  can  only  be  due  to  a  larger  proportion  of  mechanical 
earthy  impurities  in  the  sample  analysed.     In  proof  of  this  view 
of  the  matter  it  may  further  be  stated  that  the  manure  kept  under 
shed  for  another  3  months  furnished  even  a  little  less  insoluble 
mineral  matter  than  in  February.     And  as  in  the  warmer  spring 
months  a  more  considerable   diminution  of  organic  substances 
has  really  taken  place,  as  shown  by  the  analyses  to  be  mentioned 
hereafter,  the  excess  of  insoluble  mineral  matters  in  the  February 
analysis  can  only  be  accounted  for  by  mechanical  impurities  in 
the  sample  of  which  the  analysis  has  been  made. 

If  we  make  due  allowance  for  this  disturbing  influence,  it  will 
be  observed  that  the  composition  of  the  soluble  and  insoluble 
portion  of  the  ashes,  furnished  by  the  fresh  manure  in  November, 
and  of  the  same  heap  kept  under  shed  for  3  months  11  days,  is 
almost  identical.  It  deserves  to  be  noticed  specially,  that  the 
ash  of  the  manure  kept  under  shed  contains  more  phosphate  of 
lime  (bone-earth)  than  the  ash  produced  by  the  heap  exposed  to 
the  weather  for  the  same  length  of  time,  during  which  the  second 
experimental  heap  has  been  kept  under  shed. 

I  also  beg  to  direct  attention  to  the  fact  that  this  manure,  as 
Well  as  the  preceding  experimental  heap,  contains  more  sul- 
phuric acid  than  the  heap  when  first  put  up.  On  keeping  of 
dung  some  of  the  sulphur,  which  we  know  occurs  in  nitrogenized 
substances  in  a  peculiar  state  of  organic  combination,  appears  to 
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become  oxydised  and  changed  into  sulphuric  acid,  which^aci 
entering  into  combination  with  lime,  produces  in  its  turn  gypsui 
Farmyard  manure  thus  contains  a  quantity  of  gypsum,  whic 
becomes  more  considerable  as  the  fermentation  of  the  dung  pn 
ceeds.  Without  pushing  deductions  from  this  fact  toe  far, 
may  be  observed  that  it  is  interesting  at  all  events  to  find  that  i 
the  fermentation  of  dung,  gypsum,  a  well  known  fixer  of  an 
monia,  is  produced  simultaneously  with  volatile  compounds  i 
ammonia. 

Besides  the  humus-like  organic  substances  which  we  hai 
seen  are  produced  in  fermenting  dung-heaps,  an  addition: 
fixer  of  ammonia,  t.  e.  gypsum,  is  generated ;  and  thus  great  cai 
is  manifested  by  nature  to  prevent,  if  possible,  the  loss  of  th 
valuable  fertilizing  substance. 

Fresh  Farmyard  Manure  (No.  HI.),  Spread. 

The  manure  being  covered  with  snow  on  the  14th  of  Februar 
when  the  other  experimental  heaps  were  analysed,  and  it  havii 
been  found  next  to  impossible  to  remove  the  snow  completel 
or  to  mix  it  thoroughly  with  the  manure,  nothing  was  done 
this  month  with  the  spread  experimental  farmyard  manure. 

Well-rotten  Dung  (No.  IV.),  Exposed.— ?\xt  up  Dec.  5,  185 
Analysed  again,  Feb.  14,  1855. 

This  experimental  heap  has  been  exposed  to  the  influence  • 
the  weather  for  a  period  of  2  months  and  9  days.  During  th 
time  it  had  shrunk  considerably  in  size.  The  diminution  in  bul 
however,  I  believe,  is  not  so  much  the  result  of  an  actual  ve: 
great  loss,  as  it  is  due  to  the  manure  gradually  settling  do^ 
and  becoming  firmer.  Still  it  has  undergone  some  loss  in  keepii 
even  during  the  cold  time  of  the  year,  as  will  be  seen  from  tl 
subjoined  analyses. 

In  the  state  in  which  the  well-rotten  dung  was  analysed  on  tl 
14th  of  February  it  furnished  the  following  results : — 

WeUHTottm  Farmyard  Maaiure  (No.  IV.),  Exposed. 

[Analysis  made  Feb.  14,  1855. 

Composition  of  Manure  in  Natural  State, 

Water      73-90 

♦Soluble  organic  matter 2*70 

Soluble  inorganic  matter  (ash) : — 

Soluble  silica      '147 

Phosphate  of  lime      -129 

Lime -018 

Carry  forward     ..      ..     76*60 
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Brought  forward   ..      ..      76*60 

Magnesia ,      'OlS 

Potash         -960 

Soda -082 

Chloride  of  sodium '052 

Sulphuric  acid   . .      . .      .' . .     -072 

Carbonic  acid  and  loss       '584 

2-06 

tinsoluble  organic  matter         14'39 

Insoluble  inorganic  matter  (ash)  : — 

Soluble  silica      I'lO 

Insoluble  silica l'o4 

Oxide  of  iron  and  alumina,  with  phosphates  ..  0*37 

Containing  phosphoric  acid      (*06) 

Equal  to  bone  earth ('10) 

Lime 2-25 

Magnesia    ..    " '02 

Potash         -12 

Soda -01 

Sulphuric  acid '10 

Carbonic  acid  and  loss       1*44 

6-95 

100-00 

*  Containing  nitrogen '149 

£qual  to  ammonia *180 

t  Containing  nitrogen *061 

Bk}aal  to  ammonia        '074 

Whole  manure  contains  ammonia  in  free  state  '015 

„                   ty           in  form  of  salts  *048 

Well-rotten  Farmyard  Manure  (No.  IV.),  Exposed. 

Analysis  made  Feb.  14, 1855. 

Composition  of  Manure  in  Dry  State, 

*  Soluble  organic  matter      10*34 

Soluble  inorganic  matter  (ash)  : — 

Soluble  silica      *564 

Phosphate  of  lime        '493 

Lime '067 

Magnesia '068 

Potash  3-680 

Soda -321 

Chloride  of  sodium       '194 

Sulphuric  acid '278 

Carbonic  acid  and  loss 2*225 

7*89 

tinsoluble  organic  matter 55*13 

Insoluble  inorganic  matter : — 

Soluble  silica       4*24 

Insoluble  silica 5*91 

Oxide  of  iron  and  alumina,  with  phosphates         1*41 
Containing  phosphoric  acid (*24) 

Carryforward    ..     ..     73*36 
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Brought  forward   ..      ..      73 'S^ 

Equal  to  bone  earth ('38) 

Lime 7*65 

Magnesia '08 

Potash         "45 

Soda -06 

Sulphuric  acid "38 

Carbonic  acid  and  loss G*4G 

— —    26-6^ 

lOO-CX 

*  Containing  nitrogen     '57 

Equal  to  ammonia        *  ri9 

t  Containing  nitrogen 2*35 

Equal  to  ammonia        2*85 

Whole  manure  contains  ammonia  in  free  state  . .  *  57 

„                       „             in  form  of  salts  -ISS 

Composition  of  Ash  of  Portion  soluble  in  Water  of  same  Manure, 

Soluble  silica        7*15 

Phosphate  of  lime        G-2r> 

Lime '80 

Magnesia '87 

Potash 46-65 

Soda 4-07 

Chloride  of  sodium       2*47 

Sulphuric  acid 3*52 

Carbonic  acid  and  loss 28'16 

100-00 
Comjpositian  of  Ash  of  Portion  insoluble  in  Water  of  same  Manure 

Soluble  silica         15*93 

Insoluble  silica      22*20 

Oxides  of  iron  and  alumina,  with  phosphates  5*30 

Containing  phosphoric  acid (-93) 

Equal  to  bone  earth      (i'45 

Lime 32-48 

Magnesia       -30 

Potash 1-70 

Soda       -23 

Sulphuric  acid        1*42 

Carbonic  acid  and  loss 20*44 


li 


3J5 


100-00 
Well-rotten  Farmyard  Manure, 
Analysis  made  Feb.  14,  1855. 
Composition  of  whole  Asli, 

Soluble  silica       1*63 

Phosphate  of  lime        1*43 

Lime 'id 

Magnesia *20 

g,-)  Potash         10-60 

Soda *93 

Chloride  of  sodium      '50 

Sulphuric  acid '80 

Carbonic  acid  and  loss         6*45 
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Arranged  together. 

f  Soluble  silica         12-13  13-76 

Insoluble  silicious  matter  (sand)    . .      . .  17-12  17*12 

Phosphate  of  lime -.  ..  1*43 

Oxides  of  iron,  alumina,  with  phosphates  4*08  4*08 

Containing  phosphoric  acid (-71)  (-71) 

Equal  to  bone  earth       (I'll)  (1*11) 

Lime 25-05  25*24 

Magnesia       -23  -43 

Potash 1-31  11-97 

Soda      -17  ,1-10 

Chloride  of  sodium         -56 

Sulphuric  acid       1*09  1-89 

^Carbonic  acid  and  loss 15-97  22:41 


100-00  100-00 

A  glance  at  these  analytical  results  will  show  that  the  propor- 
tion of    soluble   organic  matters   in   the    well-rotten    dung   is 
smaller  in  February  1855   than  in  December  1854.     It  would 
thus  appear  that  a  portion  of  the  soluble  constituents  has  been 
Washed  away  by  rain  or  melting  snow.     As  the  heap  was  sm^I, 
It  was  no  doubt  more  readily  affected  by  this  deteriorating  cause 
than  a  large  heap  would  have  been.     It  is  moreover  probable  that 
the  sample  of  the  manure  which  was  analysed  in  February  did 
not  fairly  represent  the  whole  heap.     It  appears  to  me  therefore 
very  likely  that  the  proportion  of  soluble  matters  in  the  whole 
heap  is   in   reality  larger  than  is  indicated  by  the  foregoing 
analysis. 

It  will  further  be  observed  that  the  dry  manure  in  February 
contains  about  2  per  cent,  less  of  organic  matters  than  in 
December.  We  have  thus  here  a  direct  proof  that  the  proportion 
of  organic  matters  decreases  in  dung-heaps  even  in  the  coldest 
months  of  the  year — it  is  true  in  a  less  considerable  degree  than 
in  summer,  but  yet  to  an  appreciable  extent. 

I  would  call  attention  to  the  manner  in  which  the  nitrogen  is 
distributed  amongst  the  constituents  of  this  manure.  When  just 
removed  from  a  well-constructed  dung-pit  in  December  1854, 
100  lb.  of  the  perfectly  dry  manure  contained  1*21  per  cent,  of 
nitrogen  in  the  form  of  soluble  compounds ;  in  February  1855, 
the  soluble  portion  of  the  manure  contained  only  '57  per  cent,  of 
nitrogen,  thus  showing  that  a  portion  of  the  soluble  nitrogenized 
matters  has  escaped  either  into  the  air,  or,  what  is  more  probable, 
has  been  washed  out  by  the  rain  or  melting  snow.  Notwith- 
standing this  loss  in  nitrogen,  the  total  percentage  of  nitrogen 
has  become  slightly  greater  by  keeping  for  2  months  and 
.9  days. 

With  respect  to  the  free  ammonia,  it  will  be  observed  that 
rotten  dung  contains  rather  more  free  ammonia  than  fresh.     The 
VOL.  XVII.  Q 
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free  ammonia,  whicli  under  all  circumstances  constitutes  but  a 
small  fraction  of  a  per  cent,  of  the  manure,  howevBr,  sinks  again 
in  February  to  a  mere  trace.  Direct  experiments,  made  with  a 
view  of  ascertaining  the  cause  of  this  difference,  have  shown  me 
that  farmyard  manure  gives  off  no  ammonia  when  quite  cold, 
and  that  free  ammonia  can  only  be  disengaged  when  the  dung-heap 
is  in  an  active  state  of  fermentation,  which  is  always  accompanied 
with  evolution  of  heat.  In  the  interior  of  large  heaps  the  heat  of 
the  dung  is  often  very  great,  and  it  is  in  this  part  of  the  heap 
that  ammonia  is  given  off  largely.  Before,  however,  it  can 
escape  into  the  air  it  has  to  pass  a  portion  of  mannre  which  is 
kept  cold  by  the  surrounding  air.  This  external  and  cold 
part  of  dung-heaps  acts  as  a  mechanical  and  chemical  filter 
with  reference  to  the  ammonia  which  is  given  off  from  the 
interior  and  heated  portion  of  the  heap.  On  account  of  the 
porous  condition  of  the  litter  and  partly  dried  excrements  the 
ammonia  is  fixed  mechanically  i  but  as  all  organic  subfttances 
exposed  to  the  atmosphere  and  moisture  are  gradually  changed 
into  humus,  which  as  we  have  seen  already  is  an  esx^ellent  fixer 
of  ammonia,  the  external  parts  of  dung-heaps  may  also  be  called 
a  chemical  filter  which  prevents  the  loss  of  ammonia.. 

Dung-heaps  that  have  been  placed  in  a  fields  after  a  short  time, 
when  settled  down  to  a  firm  mass,  do  not  give  off  any  ammonia, 
but  on  turning  such  heaps  a  very  powerful  and  pungent  smell  is 
readily  perceptible.  Each  tmrning  of  a  manare-heap  thus  is 
attended  with  a  certain  loss  in  ammonia,  since  it  escapes  from 
heated  manure.  It  may  t1teref(»re  be  advisable  not  to  turn 
manure^heaps  more  frequently  than  is  absolutely  necessary. 

In  the  preceding  pages  I  have  given  detailed  organic  and  in«- 
organic  analyses  of  the  fresh  and  the  rotten  dung  in  the  state  in 
which  both  were  used  in  the  experimental  heaps.  I  have  like- 
wise given  such  analyses  of  the  fresh  manure,  after  it  had  been 
kept  for  3  months  and  11  days  in  two  different  ways,  and  of  the 
rotten  dung  after  having  been  exposed  to  the  weather  for  3  months 
and  9  days. 

Another  detailed  analysis  of  the  fresh  manure,  after  having  been 
spread  out  in  an  open  yard  for  a  period  of  6  months,,  will  be 
found  in  the  succeeding  pi^es.  The  various  experimental  heaps 
were  weighed  for  tlie  second  time  on  the  30th  of  April,  1855, 
and  at  the  same  time  samples  for  analysis  taken  from  each  heap. 

The  two  heaps  made  on  the  3rd  of  November,  1855,  with 
fresh  mixed  farmyard  manure  and  the  portion  of  fresh  dung 
spread  out  in  an  open  yard,  thus  were  kept  for  6  months,  minus 
3  days ;  whilst  the  rotten  dung,  being  placed  in  a  heap  on  the 
5th  of  December,  was  kept  for  only  5  months,  minus  5  days. 
The  loss  in  w^ht  havixig  been  ascertained  in  each  case^  Uie 
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manure  was  carted  back  in  its  former  place  9nd  kept  under  the 
same  respective  cincuxnstaBees  lantil  the  23c^  of  Aagast,.  1855) 
when  agaki  eadi  es^yerimental  portion  was  weighed  separately 
and  again  analysed. 

The  rotten  dung  thus  had  been  kept  by  the  23rd  of  August  for 
a  period  of  8  months  and  18  days^  the  rest  of  the  experimental 
manuDeJieaps  for  a.  period  of  9  msonths  2&  days. 

Finally  the  different  experimental  heaps-  were  weiglied  and 
analysed  for  the  last  time  on  the  15th.  of  November,  1^.  The 
iDttendung  thne  had  been  exposed  to  the  influ^ice  of  the  atmos- 
phere for  a  period  of  11  months  and  10  day%  and  the  3  re- 
maining experimental  portions  of  originally  fresh  dung  hadi'been 
kept  for  a  period  of  12  months  and  12  days. 

In  order  to  render  more  conspicuous  the  results  obtained  in' the 
direct  weighings  and  in  the  di&rent  analyses,  I  shall  incorporate 
tkem  in  separate  Tables,  which  will  be  given  under  the  respective^ 
heads  of 

1.  Fresh  farmyard  manure,  (No.  I.)  Exposed. 

2.  .  •            . .  . .      (No.  II.)  Under  shed. 
3 . .       (No.  in.)  Spread. 

4.  Well-rotten  farmyard  manure,  (No.  IV.)  Exposed. 
Before  stating  these  details  I  may  say  that  I  have  taken  espe- 
cial care  in  determining  accurately  the  nitrogen  in  each  series  of 
analyses.  1  Frequently  two  combustions  were  made  of  one  and 
the  same  substance,  and  invariably  closely  agreeing  results  ob- 
tained. 

Fresh  Farmyard  Manure  (No.  I.),  Exposed  (mixed  horse,  cow, 
and  pig  dung). 

In  the  subjoined  Table  is  stated  the  actual  weight  of  the 
first  experimental  heap  at  different  periods  ipf  the  year,  and  the 
loss  which  it  sustained  in  these  periods. 

Tabic  showing  the  Weight  of  Experimental  Heap  of  Fresh  Farmyard  Manure 
(Ko.  I.),  Exposed,  at  different  periods,  and  Percentage  of  Loss  in  Weight, 
expressed  in  lbs. 


Weight  of 

Manure 

in  lbs. 


Loss  in 
Original 
Weight 
inlbe. 


PercfiDtage 
of  Loss. 


I*at  up  on  the  3rd  of  November,  1854  . . 
Weighed  on  the  30th  of  April,  1855,  or  after) 

a  lapse  of  6  months      j 

Weighed  on  the  23rdof  Augost,  1855,  or  after) 

a  lapse  of  9  months  and  20  da^s        . .      . .  J 
Weighed  on  the  15th  of  November,  1855,  or 

after  a  lapse  of  12  months,  and  12  days  .. 


2838 
2026 

1994 

1974 


812 
844 
864 


q2 


28*6 
29-7 
30*4 
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In  the  course  of  a  year  and   12  days  the  original  weight  o^5 
this  heap,  amounting  to   1    ton  5  cwts.  1  quarter  anfl  10   lbs. — 
thus  became  reduced  to   17    cwts.  2  quarters  and  14  lbs.  by — 
being  exposed  to  the  influence  of  the  weather,  or  100  tons  lost 
30-4  tons. 

We  shall  see  presently  in  what  this  loss  consisted.  I  may  men- 
tion, however,  already  in  this  place  that  the  direct  weighings  do- 
not  represent  in  an  unmistakable  manner  the  loss  which  farmyard 
manure  undergoes  in  reality  in  keeping.  We  shall  see,  namely, 
that  the  loss  during  the  last  3  months  is  much  greater  than  stated 
in  the  forgoing  Table,  after  we  shall  have  become  acquainted 
with  the  composition,  which  the  manure  presented  at  the  different 
periods,  when  it  was  weighed. 

In  the  first  place  I  would  therefore  direct  the  attention  of  the 
reader  to  the  following  Table,  in  which  is  given  the  composition 
of  the  manure  in  the  state  in  which  it  was  found  at  the  different 
experimental  weighings. 

Composition  of  Fresh  Farmyard  Manure  (No.  I.),  Exposed  in  Natural  St^te,  at 
different  periods  of  the  Year. 


AVhen  put 

up  on  the 

Feb.  Uth,  April  30th,  Aug.  23rd. 

Nov.  ISth.. 

3rd  Nov. 

1866. 

1866. 

1865. 

1856. 

1864. 

Water 

66*17 

69*83 

65^95 

75-49 

74-29 

*  Soluble  organic  matters 

2-48 

3^86 

4-27 

2*95 

2-74 

Soluble  inorganic  matters    .. 

1*54 

2-97 

2-86 

1^97 

1-87 

t  Insoluble  orjjanic  matters  .. 

25*76 

18^44 

19'23 

12-20 

10-89 

Insoluble  mmeral  matters  .. 

4*05 

4-90 

7-69 

7^39 

10-21 

100-00 

100-00 

100-00 

lOO'OO 

100-00 

^Containing  nitrogen    ..     .. 

•149 

•27 

-30 

-19 

•18 

Equal  to  ammonia       ..     •  • 

•181 

•32 

•36 

•23 

•21 

tContaining  nitrog;en    . .      . . 

•494 

•47 

•59 

•47 

•47 

Equal  to  ammonia       . .      . . 

•599 

•57 

•71 

•62 

•57 

.  Total  amount  of  nitrogen  . . 

•643 

•74 

•89 

•66 

•65 

Equal  to  ammonia       . .     . . 

•780 

•89 

1-07 

•85 

•78 

Ammonia  in  a  free  state    . . 

•034 

-019 

•008 

•010 

•OOd 

Ammonia  in  form  of  salts;) 

easily      decomposed      by> 
quicklime j 

•088 

•064 

•085 

•038 

•041 

Total    amount    of    organic 
matters       

28-24 

22-30 

23  "50 

15-15 

13-63 

Total  amount  of  mineral  sub-' 
stances       

5-59 

7-87 

10-55 

9-36 

12-08 

It  will  be  seen  that  in  February  this  manure  contained  about 
3j  per  cent,  more  moisture  than  when  first  put  up.  At  the  end 
of  April,  little  or  no  rain  having  fallen  in  the  interval,  it  dried  up 
to  its  original  state  of  dryness.     The  loss  in  weight  iu  April 
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^o\mting  to  28*6  per  cent.,  therefore,  is  real  loss,  that  is  to  say 
1^  is  loss  which  affects  the  dry  manure,  and  is  not  due  to  era- 
poradon  of  water.  In  other  words  100  lbs.  of  dry  manure, 
on  keeping  for  a  period  of  6  months  exposed  to  the 
weather,  lost  28*6  lbs.,  and  became  only  71*4  lbs.  In  August 
the  manure  gained  a  very  large  quantity  of  water,  by  heavy 
showers  of  rain,  and  this  large  proportion  of  water,  which  is 
greater  than  the  original  quantity  of  moisture  by  nearly  10  per 
cent.,  was  reduced  only  1  per  cent,  on  keeping  of  the  manure  for 
another  3  months. 

The  direct-weighings,  as  well  as  the  composition  of  the  manure, 
are  therefore  much  affected  by  the  rain  that  falls  at  the  different 
periods,  and  for  this  reason,  neither  the  analyses  nor  the  weigh- 
mgs  by  themselves  are  fit  to  determine  the  loss  which  farmyard** 
manure  undergoes  on  keeping. 

Before  any  further  remarks  can  be  offered  on  these  analyses  it 
will  be  necessary  to  calculate  the  composition  of  the  manure  in  a 
dry  state,  for  as  the  percentage  of  water  differs  so  much  at  the 
various  times  of  analysis,  the  results  in  the  preceding  Table  are 
not  comparable.  In  the  next  Table,  therefore,  I  have  stated  the 
composition  of  the  perfectly  dry  manure  at  various  epochs. 

Composition  of  Fresh  Farmyard  Manure  (No.  I.),  Exposed.    Calculated  Dry, 


^i 


When 

iQt  up. 

ov.  3rd, 

1854. 


Feb.  14th, 
1855. 


April  soUi,  Aug. 
1865. 


;.23rd. 
1856. 


Not.  16tti. 
1855. 


^Soluble  organic  matters  . . 

Soluble  iuorganic  matters 
t Insoluble  organic  matters 

Insoluble  mineral  matters 


•Containing  nitrogen 

£qual  to  ammonia 

fContaining  nitrogen 

Equal  to  ammonia 

Total  amount  of  nitrogen 

Equal  to  ammonia   . .      . ; 

Ammonia  in  free  state    . . 

Ammonia  in  form  of  salts,  easily) 

decomposed  by  quicklime  . .  / 

.  Total  amount  of  organic  matters 

Total  amount  of  mineral  sub- 'I 
stances / 


7«33 

4*55 

76.15 

11-97 


12-79 

9-84 

61-12 

16*25 


12-54 

8-39 

56-49 

22-58 


12-04 

8-03 

49-77 

30-16 


10-65 

7-27 

42-35 

39-73 


100-00 


•44 

-58 
1-46 
1-77 
1-90 
2-30 

•10 

•26 
83*48 
16-52 


100-00 

•91 
1*10 
1-55 
1-88 
2-46 
2-98 

•062 

•212 
73*91 
26-09 


100-00 

-88 
1*06 
1*75 
2*12 
2*63 
3*18 

-023 

•249 
69*03 
30*97 


100-00 

•77 
•93 
1*92 
2-33 
2-69 
3-26 
•041 

•154 

61-81 

38*19 


100^00 

•72 
•88 
1-85 
2-24 
2-57 
3-12 
•023 

•159 

63-00 

47*00 


A  comparison  of  these  different  analyses  points  out  clearly  the 
changes  which  fresh  farmyard  manure  undergoes  on  keeping  in 
a  heap,  exposed  to  the  influence  of  the  weather  during  a  period 
of  twelve  months  and  twelve  days. 


Farmyard  Mattua^ 

1.  It  will  be  perceived  tb«t  the  propardon  of  oirgamc  matev 
steadily  diminishes  from  month  to  month,  mitil  the  original  per- 
centage of  organic  matter  in  the  dry  manure,  amounting  to  63*48 
per  cent,  became  reduced  to  ^3  per  oent. 

2,  On  the  other  hand,  the  total  percentage  of  mineseal  maiteis 
rises  as  steadily  as  that  of  the  organic  matters  falls. 

3«  It  will  be  seen  that  the  loss  in  organic  matters  a&ets  ihe 
percentage  of  insoluble  organic  matters  more  than  the  percentage 
of  solubib  organic  substances. 

4.  The  percentage  of  soluble  organic  matters  indeed  increaaed 
eonsid^rabiy  during  the  finst  experimental  period;  it  rose, 
namely,  from  7*38  per  cent  to  12*79  per  cent.  Examined  again 
x>n  the  30th  of  April,  very  nearly  the  same  percentage  -of  soluble 
joiganic  matters  as  on  February  the  14th  was  found.  The  August 
analysis  shows  but  a  slight  decrease  in  the  percentage  of  solnUa 
organic  matters,  whilst  there  is  a  decrease  of  2  per  cent,  of  soluble 
oi^ganic  matters  when  the  November  analysis  is  compared*  with 
4he  February  analysis. 

5.  The  soluble  mineral  matters  in  this  manure  rise  or  &Ii  in 
ihe  different  experimental  periods  in  the  same  order  as  the  sohifale 
organic  matters.  Thus,  in  February,  9*84  per  >cent.  of  aoloble 
mineral  matters  were  found,  whilst  the  manure  contained  only 
4*55  per  cent.^  when  put  up  into  a  heap  in  November,  1854.  GLra- 
dually,  however,  the  proportion  of  soluble  mineral  matters  again 
diminished,  and  became  reduced  to  7*27  per  cent.,  on  the  exa- 
mination of  the  manure  in  November,  1855. 

^    6.  A  similar  regularity  will  be  observed  in  the  percentage  of 
nitrogen  contained  in  the  soluble  organic  matters. 

7.  In  the  insoluble  organic  matters  the  percentage  of  nitrogen 
regularly  increased  from  November,  1854,  up  to  the  23rd  of 
August,  notwithstanding  the  rapid  diminution  of  the  percentage 
of  insoluble  organic  matters.  For  the  last  experimental  period 
the  percentage  of  nitrogen  in  the  insoluble  matters  is  nearly  the 
same  as  in  August  23rd. 

8.  With  respect  to  the  total  percentage  of  nitrogen  in  the  fresh 
manure,  examined  at  different  periods  of  the  year,  it  will  be  seen 
that  the  February  manure  contains  about  one-half  per  cent,  more 
of  nitrogen  than  the  manure  in  a  perfectly  fresh  state.  On  the 
30th  of  April  the  percentage  of  nitrogen  again  slightly  increased ; 
on  August  23rd  it  remained  stationary,  and  had  sunk  but  very 
little  when  last  examined  on  the  1 5th  of  November,  1855. 

This  series  of  analyses  thus  shows  that  fresh  farmyard  manure 
rapidly  becomes  more  soluble  in  water,  but  that  this  desirable 
change  is  realised  at  the  expense  of  a  lai^e  proportion  of  oxganie 
matters.  It  likewise  proves  in  an  immistakable  manner  that 
there  is  no  advantage  in  keeping  farmyard  manure  for  too  long 
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a  period  ;  for  after  Febraarj  neither  the  percentage  of  soluble 
organic  nor  that  of  soluble  mineral  matters  has  become  greater ; 
and  the  percentage  of  nitrogen  in  the  manure  of  April  and 
August  is  only  a  very  little  higher  than  in  iFefairuary. 

Weight  for  weight,  the  February  manure  thus  will  be  as  good 
as  the  manure  in  April  or  August,  and  slightly  superior  to  the 
i]Qanure  in  November,  1855.  The  direct  weighings,  however, 
of  the  whole  heap  have  shown  us  already  that  a  considerable  loss 
in  weight  is  experienced  in  the  different  periods  during  which 
the  manure  was  kept.  And  as  the  fresh  manure  did  not  improve 
in  composition  after  the  14th  of  February,  it  is  clear  that  the 
loss  in  weight  is  not  due  to  the  mere  evaporation  of  water  or  the 
dissipation  of  other  useless  constituents,  but  is  a  real  loss  in 
valuable  fertilising  constituents. 

That  ^is  is  really  the  case  appears  still  more  decidedly  if  we 
consult  the  direct  weighings  of  the  experimental  heap,  and  the 
composition  of  the  manure  at  the  time  at  which  the  weighings 
were  made.  This  will  enable  us  to  calculate  the  composition  of 
the  whole  heap  at  the  different  experimental  periods^  and  we 
shall  then  see  in  what  manner  the  loss  in  weight  is  distributed 
amongst  the  various  constituents  of  the  manure. 

In  the  following  Table  the  composition  which  the  whole 
experimental  heap,  No.  L,  exhibited  at.  di/Terent  periods  of  the 
year,  has  been  calculated  from  data  already  given.  The  actual 
weight  of  the  manure  heaps  is  again  stated  in  the  first  horizontal 
column ;  in  the  second  horizontal  column,  the  actual  amount  of 
water  in  the  whole  heap  is  stated ;  and  in  the  third,  the  total 
amount  of  dry  matter.  The  next  four  (bracketed  together)  show 
the  composition  of  the  dry  matter.  All  numbers  in  the  Table 
express  pounds  or  fractions  of  pounds. 

A  careful  study  of  the  Table  will  convince  the  reader  that 
the  real  loss  in  valuable  fertilising  matters  which  farmyard 
manure  sustains  in  keeping  is  very  much  greater  than  is  indicated 
by  the  direct  weighings  of  the  experimental  heap.  It  will  be 
remembered  that  the  manure,  when  put  up  in  a  heap  on  the  3rd 
of  November,  1854,  contained  66*17  per  cent,  of  water,  and  con- 
sequently 33'88  per  cent,  of  dry  matters.  The  total  amount  of 
dry  matter  in  the  perfectly  fresh  experimental  heap  amounted 
to  960'10  lbs. ;  but,  after  having  been  exposed  to  the  influence 
of  the  weather  for  a  period  of  nine  months,  only  488  7  lbs.  of 
dry  substance  are  left  behind.  The  direct  weighing  of  the  heap 
in  August  indicates  a  loss  of  29*77  per  cent^  whereas  in  reality 
a  loss  of  very  nearly  50  per  c«it.  in  the  solid  constituents  of  the 
manure  has  been  incurred.  Thii»  enormous  tcaste  in  manur- 
ing matters,  it  will  appear  likewise  from  a  careful  perusal 
of  the  Table,  may  be  prevented,  at  least  to  a  very  great  ex- 
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tent,  by  applying  either  the  manure  in  a  fresh  state  to  the 
land,  or,  if  this  is  inadmissible,  by  keeping  it  no  longer  than 
is  absolutely  necessary. 

Table  showing  Composition  of  the  Whole  Heap :    Fresh  Farmyard  Manure 
(No.  I.),  Exposed.    Expressed  in  lbs. 


When 

put  up. 

Nov.  3rd, 

1854. 

April  30th, 
1855. 

Aug.  23rd. 
1855. 

Nov.  15th, 
1855. 

Weight  of  manure  in  lbs 

2838 

2026 

1994 

1974 

Amount  of  water  in  the  manure    . .      . . 

Amount  of  dry  matter  in  the  manure   . . 
Consisting  of— 
•Soluble  organic  matter 

Soluble  mineral  matter 

t  Insoluble  organic  matters       j 

Insoluble  mineral  matter ( 

1877-9 
960-1 

1336-1 
689-9  . 

1505-3 
488-7 

1466-5 
507-5 

70-38 

43-71 

731-07 

114-94 

86-51 

57-88 

389-74 

155-77 

58-83 

39-16 

243-22 

147-49 

.*54-04 

36-89 

214-92 

201-65 

960-1 

689-9 

488-7 

607-5 

♦Containing  nitrogen 

Equal  to  ammonia 

t  Containing  nitrogen         

Equal  to  ammonia 

4-22 

5-12 

14-01 

17-02 

6-07 

7-37 

1207 

14-65 

3-76 

4-56 

9-38 

11-40 

8-65 

4-36 

9-38 

11*39 

Total  amount  of  nitrogen  in  manure     . . 
Equal  to  ammonia 

18-23 
22- 14 

18-14 
22*02 

13-14 
15-96 

13-03 
15-75 

The  manure  contains  ammonia  in  free  state 
,,              ,,          ammonia  in  form  of  1 
salts,  easily  decomposed  by  quicklime  j 
Total  amount  of  organic  matters  . .      , . 
Total  amount  of  mineral  matters  ..      .. 

•96 

2-49 

801-45 
158-15 

-15 

1-71 

476-25 
213-65 

•20 

•75 

302-05 
186-65 

•11 

•80 

268-96 
238-54 

It  will  be  remarked  that  in  the  first  experimental  period  the 
fermentation  of  the  dung,  as  might  have  been  expected,  pro- 
ceeded most  rapidly,  but  that,  notwithstanding,  very  little  nitrogen 
was  dissipated  in  the  form  of  volatile  ammonia  ;  and  that  on  the 
whole  the  loss  which  the  manure  sustained  was  inconsiderable 
when  compared  with  the  enormous  waste  to  which  it  was  subject 
in  the  subsequent  warmer  and  more  rainy  seasons  of  the  year. 
Thus  we  find  at  the  end  of  April  very  nearly  the  same  amount 
of  nitrogen  which  is  contained  in  the  fresh ;  whereas,  at  the  end 
of  August,  27*9  per  cent,  of  the  total  amount  of  nitrogen,  or  nearly 
one-third  of  the  nitrogen  in  the  manure,  has  been  wasted  in  one 
way  or  the  other. 

It  is  worthy  of  observation  that,  during  a  well-regulated  fer- 
mentation of  dung,  the  loss  in  intrinsically  valuable  constituents 
is  inconsiderable,  and  that  in  such  a  preparatory  process  the 
efficacy  of  the  manure  becomes  greatly  enhanced.  For  certair 
purposes  fresh  dung  can  never  take  the  place  of  well-rotten  dun^. 
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The  farmer  will,  therefore,  always  be  compelled  to  submit  a 
portion  of  home-made  dung  to  fermentation,  and  will  find  satis- 
faction in  knowing  that  this  process,  when  well  regulated,  is  not 
attended  with  any  serious  depreciation  of  the  value  of  the  manure. 
In  the  foregoing  analyses  he  will  find  the  direct  proof  that,  as 
long  as  heavy  showers  of  rain  are  excluded  from  manure  heaps, 
or  the  manure  is  kept  in  waterproof  pits,  the  most  valuable  fer- 
tilising matters  are  preserved.  But  let  us  now  see  how  matters 
stand  when  manure  heaps,  the  component  parts  of  which  have 
become  much  more  soluble  than  they  were  originally,  are  exposed 
to  heavy  showers  of  rain. 

In  the  first  experimental  period  little  rain  fell,  and  this  never 
in  large  quantities  at  a  time,  whilst  in  the  interval  of  April  and 
August  rain  was  more  abundant,  and  fell  several  times  in  con- 
tinuous heavy  showers.  In  consequence  of  this  the  soluble 
matters  in  the  heap  have  been  washed  out,  and  with  them  a  con- 
siderable portion  of  available  nitrogen,  and  the  more  valuable 
mineral  constituents  of  dung  have  been  wasted. 

The  above  analytical  data,  if  I  am  not  mistaken,  afford  like- 
wise a  proof  that  even  in  active  fermentation  of  dung  little 
nitrogen  escapes  in  the  form  of  volatile  ammonia,  but  that  this 
most  valuable  of  all  fertilising  materials,  along  with  others  of 
much  agricultural  importance,  is  washed  out  in  considerable 
quantities  by  the  rain  which  falls  on  the  heaps  and  is  wasted 
chiefly  in  the  drainings  of  the  dungheaps. 

A  single  fact,  it  has  been  truly  said,  is  worth  more  than  a  dozen 
vague  speculations.  We  hear  frequently  people  talk  of  the  loss 
in  ammonia  which  farmyard  manure  undergoes  on  keeping,  and 
this  loss  is  referred  by  them  to  the  volatilization  of  the  ammonia 
which  is  produced  in  the  putrefaction  of  the  nitrogenized  con- 
stituents of  dung.  I  have,  however,  already  mentioned  that 
simultaneously  with  the  ammonia,  ulmic,  humic,  and  other 
organic  acids  are  generated  from  the  non-nitrogenized  consti- 
tuents of  manure,  and  that  these  acids  possess  the  power  of 
fixing  the  ammonia  in  an  excellent  manner.  If  this  were  not 
the  case  it  would  be  difficult,  if  not  impossible,  to  explain  the 
circumstance  that  the  proportion  of  soluble  nitrog^enized  matters 
increased  considerably  in  the  manure  on  keeping  for  a  period  of 
six  months,  and  that  during  this  period  the  total  amount  of 
nitrogen  scarcely  suffered  any  diminution.  In  April  the 
amount  of  nitrogen  in  the  soluble  matters  of  the  entire  heap 
is  6*07  lbs.,  and  by  the  23rd  of  August  it  is  reduced  to 
3-76  lbs.  Why,  it  may  be  asked,  is  it  not  likely  that  most 
of  this  nitrogen  has  passed  into  the  air  in  the  form  of  volatile 
ammoniacal  compounds?  In  reply  to  this  question  I  would 
answer   that   a  loss    taking  place  in  this  way  would  be  felt 
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much  more  aensibly  in  the  period  of  actiFe  fermentation^  in 
which,  however^  we  have  seen  that  scaxoelj  any  niirogeo  ia  dia* 
iipated.  In  the  Angnst  and  Novenkber  anedyset ,  snocaavcr^  it 
yrXiX  be  observed  that  not  only  the  amount  of  solaUe  ovgamc 
matters,  and  with  it  that  of  the  nitrogen,  decreaaeB,  bat  that  the 
soluble  mineral  matters,  which  in  April  amount  to  57*88  U».  in 
the  entire  hei^,  became  reduced  to  39' 16  lbs.  by  the  23rd  of 
August  Now,  this  decrease  in  soluble  mineral  substanoea  can 
imly  be  ascribed  to  the  rain  which  fell  in  this  period,  and  it  is 
plain  that  the  deteriorating  influence  of  heavy  showers  of  lain 
must  equally  affect  the  soluble  nitrogenized  constituents  of  dni^. 
That  tins  is  really  the  case  will  appear  still  more  conspicuonsly 
by  the  analysis  of  experimental  heap  No.  III.,  to  be  mentioned 
hereafter. 

It  may  perhaps  appear  strange  to  the  reader  that  the  total 
amount  of  dry  matter  in  the  manure  is  greater  in  Noi^ember, 
1855,  than  in  August,  and  likewise  that  there  is  a  good  deal 
more  insoluble  mineral  matter  at  the  end  of  the  experimental 
year  than  at  the  beginning.  In  explanation  of  these  appaient 
inconsistencies,  I  would  observe  that  the  increase  in  insolable 
mineral  matters  is  accounted  for  in  the  difiBculty  of  ahoveUing 
the  manure  into  the  dung-cart  without  mixing  with  it  each  time 
the  weighing  is  made  a  certain  portion  of  the  soil  on  which  the 
heap  is  placed.  It  must  likewise  be  home  in  mind  that  it  ia 
almo^  next  to  impossible  to  incorporate  mechanical  impurities 
so  thoroughly  with  the  dung  that  differences  amounting  to  2  or 
3  per  cent,  in  the  amount  of  insoluble  matters  may  not  <Kx;ar  in 
the  analyses  of  2  samples  taken  from  the  same  heap.  In  the 
percentic  composition  of  farmyard  manure  such  differences  ap* 
pear  inconsiderable,  but  when  applied  to  the  whole  heap  they 
strike  us  as  being  great.  In  short,  it  is  impossible  to  determine 
accurately  the  total  amount  of  insoluble  minend  matters  in  the 
whole  heap.  The  general  deductions,  however,  which  may 
legitimately  be  made  from  the  foregoing  analyses  are  not  in  any 
perceptible  degree  affected  by  this  unavoidable  source  of  inao* 
curacy ;  but  it  is  well  to  remember  not  to  dwell  too  much  on 
minor  differences  which  perhaps  may  strike  the  reader;  somesnch 
differences  may  be  due  to  purely  accidental  causes. 

Before  I  pass  over  to  the  experimental  heap  No.  II.,  I  would 
direct  attention  to  the  subjoined  Table,  in  which  I  have  ^caico- 
lated  the  loss  or  gain  which  the  experimental  heap  No.  I.  ans^ 
tained  in  the  different  constituents  in  the  couiae  of  the  year. 
Where  there  is  a  gain  the  sign  *  is  prefixed  to  the  number  to 
which  it  applies ;  all  numbers  without  this  sign  express  loas  in 
lbs.  and  infractions  of  lbs.  The  loss  for  the  whole  heap  baa  beeis 
calculated  for  100  lbs.  of  fresh  manure,  as  well  as  per  ton. 
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'  In  Ifae  'QQliimxtf  beaded  per  eent.  tbos  may  be  seen  bow  much 
of  each  of  the  constituents  of  freiih  dung  is  lost  by  100  )h&^ 
cwto^  or  tons,  in  the  coume  of  6,  9,  or  12  months  ^  whikt  the 
colanvis  headed  low  ,per  ton^  giye  the  loss  in  lbs.  for  every  too  of 
fresh  farmyard  manure* 

ible  showing  Loss  in  the  differwit  constituents  of  Experimental  Heap,  JSTo.  T.,  at  different 
Periods  of  the  Year ;  likewise  Percentage  of  Loss  and  Loss  |)er  Ton  of  Fresh  Manure. 
(N.B.  The  numbers  preoeded  by  lihe  sign  *  express  Gain  and  not  Loss*) 


From  November  3,  1354, 

ToA^13S.  18&S. 
Kept  6  Months. 

lb  Aagiitt  j23,  laas. 

Kept  9  Months. 

To  November  15. 1835. 
Kept  12  Months. 

Low  in  veight  of^ 

itiiehmp 

•ter •     . 

8tt- 
641 -g 

Per  cent.  Per  ton. 
S8  61    ^-86 
1909     427-611 

844- 
»72-6 

Percent. 
29-77 
13-12 

Per  ton. 
666-84 
239-88 

Percent. 
864-         30-45 
411-4       14-49 

Per  ton. 
682-07 
324-57 

tlnble  omaic  matter  .     •     . 
doble  minefml  Batter .     .     . 
laolable  oisanie  matter     .     . 
onlaUe  miaead  matter     .     . 

•It- 13 
•14-17 
341*33 
•40-83 

•-S6 

••49 
12-03 

•1-43 

•12-54 
•10-97 
269-47 
•32-03 

11-45 

4-53 

487-85 

•82-55 

-40 

-16 

17^18 

•114 

8-96 

3-58 

384^83 

•25-53 

16-34         -67 
6^82         ^24 
5r6^16     18-17  . 
•86-71     -d'OS 

12-76 
5-37 

407-00 
•68-32 

Bntaining  aJkrqttn  .... 
qnal  to  amraoaia    .... 
OBtaining  nitro^n  .... 
qnal  to  unmonia     .... 

•1-85 

•2-25 

1-94 

2-37 

••065 

•079 

•068 

•083 

•1^456 

•1-769 

1-593 

1-859 

•46 

-36 

4-63 

6-62 

-016 
-019 
•160 
-19 

-338 
•423 
3-58 
4-23 

-37       'oao 

-76         -026 
4-63         -160 
5-63  ;       -19 

•448 
•582 
3^384 
4^25 

otal  amount  of  nitrogen     .     . 
qoal  to  unmcnia     .... 

•09 
•12 

-003 
•004 

•067 
•089 

5-09 
6-18 

1-79 
•21 

4-099 
.    4  70 

S^L'O 

6-39 

•18 
•22 

4-03 
4-92 

mmonia  in  fr«e  state    . 

•81 
•78 

•028 
•027 

•627 
•604 

-76 
1-74 

.     -026 
•06 

•688 
1-34 

8-5 
1:69 

•029 
••39 

•649 
1321 

otal  amooBt  of  mineral  matter 

323-80 
•55-00 

11-45    '256^48 
•1-92     •■13-00 

499-40 
*28-00 

17-59 
.  •.90 

894-01 
•721-95 

532-49  !  18'76 
•79-89  1  •2-81 

420^22 
•62-94 

Experimental  Heap  (Nq.   II.),  Fr^sh  Farmyard  Mawire  tmder 
Shed. — Horse,  cow,  and  pig  dung  mixed. 

The  direct  weighings  were  made  on  the  same  days  on  which 
the  weighings  of  the  heap  exposed  to  the  influence  of  the  weather 
were  executed. 

The  following  Table  contains  the  results  of  these  weighings : — 

Table  showing  the  actual  Weighings,  and  Percentage  of  Loss  in  Weight,  of 
Experimental  Heap  (No.  IL),  fresh  Farmyard  Manure  under  Shed,  at 
different  periods  of  the  Year. 


Weight  of 
Manure 
in  lbs. 

Loss  in 

Original         Percentage 

Weight            ofLQBB. 

Pat  up  on  the  3rd  of  Novembec,  1854        ..         S25S 
"Weighed  on  the  30th  of  April,  1855,  or  after  i        , 

a  lapse  of  6  njonths     ji       *^*'* 

Weighed  on  the  23rd  of  Augwt,  1655,  or|l       .     . 

a&r  a  lapse  of  9  months  aod  20  days      ..  f| 
Weighed  on  the  15th  of  November,  1855,  or)  i       ^^^ 

after  a  lapse  of  12  months  and  12  days    . .  J  j 

1645 
19C1 
2023 

50*4 
CO-O 
62-1 
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Apparently  the  loss  which  the  heap  under  shed  sustained  is 
much  greater  than  the  loss  which  was  incurred  by  keeping  a  heap 
of  fresh  farmyard  manure  exposed  to  the  influence  of  the  weather 
for  the  same  length  of  time.  It  will  be  seen,  however,  by  the 
following  analyses,  that  this  greater  loss  is  principally  due  to  the 
evaporation  of  water,  which,  not  being  replaced  by  falling  rain, 
is  especially  marked  in  the  warmer  months  of  the  year. 

This  will  appear  from  the  following  Table,  containing  the  results 
of  analyses  made  at  the  fixed  experimental  periods. 

Table  showing  the  Composition  of  Experimental  Heap  (No.  11.),  fresh  Farm- 
yard Manure  mider  Shed,  in  natural  state,  at  different  periods  of  the  Year. 


When 

put  up. 

Nov.  3rd, 

1854. 


Feb.  14tli, 
1855. 


April  30th, 
1855. 


Aug.  23rd, 
1855. 


Nov.  UOi. 
1856. 


Water        

'^Soluble  organic  matters  . . 

Soluble  inorganic  matters 
flnsoluble  organic  matters  ^ 

Insoluble  mineral  matters 


^Containing  nitrogen 

Equal  to  ammonia 

t  Containing  nitrogen 

Equal  to  ammonia 

Total  amount  of  nitrogen 

Equal  to  ammonia 

Ammonia  in  free  state    . . 

Ammonia  in  form  of  salts,  easil  j^l 
decomposed  by  quicklime  . .  / 

Total  amount  of  organic  matters 

Total  amount  of  mineral  sub-1 
stances / 


66*  17 
2-48 
1-54 

25-76 
4*05 


67 '32 
2-63 
2-12 

20*46 
7*47 


56-89 
4*63 
3-38 

25-43 
9*67 


43-48 

4-13 

3-05 

26-01 

23-38 


41*66 

6«37 

4*43 

27*69 

20*85 


100-00 

•149 
-181 
-494 
•599 
•643 
•780 
•034 

•088 

28-24 

5-59 


100^00 

-17 
•20 
•58 
•70 
•75 
•90 
•022 

•054 

23-09 

9-69 


lOO^OO 


•27 
'32 
•92 
►11 
•19 
'43 
•055 


100*00 


100-00 


•101 
30  06 
13-05 


•26 
•31 
1-01 
1^23 
1^27 
1*54 
•015 

•103 

30^14 

26^43 


•42 
•51 
1-09 
1^31 
1-51 
1-82 
•019 

.146 

33*06 

25^28 


As  these  analytical  results  do  not  admit  of  comparison  on  ac- 
count of  the  great  variations  in  tlie  amount  of  moisture  contained  in 
this  manure  at  different  periods,  the  composition  of  the  manure  in 
a  perfectly  dry  state  may  at  once  be  stated.  (See  Table,  p.  237.) 

These  analytical  results  give  rise  to  the  following  obser- 
vations : — 

1.  It  will  be  seen  that  the  percentage  of  orgaifiic  matter  in 
this  manure  steadily  diminishes  the  longer  the  manure  is  kept, 
whilst  the  percentage  of  mineral  matters  rises  in  a  corresponding 
degree. 

2.  The  decrease  in  organic  substances,  however,  is  much  less 
considerable  than  in  the  heap  No.  I.,  which  had  been  exposed  to 
the  influence  of  the  weather. 

3.  It  will  likewise  be  observed  that  the  percentage  of  soluble 
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Table  showing  the  Composition  of  Experimental  Heap  (No.  11.),  fresh  Farm- 
yard Manure  under  Shed,  calculated  dry,  at  different  periods  of  the  Year. 


When 
put  up. 
Nov.  3rd, 

1854. 

Feb.  14th, 
1865. 

April  30th,  Aug.  23Td, 
1855.            1855. 

Nov.  15th, 
1855. 

•Soluble  organic  matters  . .      . , 
Soluble  inorganic  matters 

tinsolnble  or^;anic  matters 
Insoluble  mineral  matters 

7*33 

4-55 

76-15 

11-97 

8^04 

6-48 

62^60 

22^88 

10-74 

7^84 

58-99 

22-43 

7-30 

5-39 

45*97 

41-34 

9-20 

7-59 

47*46 

35*75 

♦Containing  nitrogen       ..     .. 

Equal  to  ammonia 

tContuning  nitrogen        . .      . . 

Equal  to  ammonia 

Total  amount  of  nitrogen 

Equal  to  ammonia 

Ammonia  in  free  state    . .      . . 

Ammonia  inform  of  salts,  easily) 

Total  amount  of  organic  matters 

Total  amount  of  mineral  sub-) 

stances / 

100-00 

•44 

•53 
1-46 
1-77 
1^90 
2-30 

•10 

•26 
83-48 
16^52 

100-00 

•53 
•66 
1-77 
2-14 
2^30 
2-80 
•067 

•165 

70^64 

29-36 

100^00 

•63 
•76 
2-14 
2-59 
2-77 
3-35 
-127 

•234 

69-73 

30-27 

100-00 

•46 
•56 
1*78 
2*16 
2-24 
2-72 
-026 

•182 

53*27 

46*73 

100*00 

•72 
•88 
1-88 
2-20 
2-60 
3-08 
•032 

•250 

56-66 

43-34 

organic  and  mineral  substances  increases,  up  to  the  30th  of  April, 
with  the  time  during  which  the  heap  has  been  kept  under  shed ; 
but  that  this  increase  is  not  so  great  as  in  the  experimental  heap 
No.  1. 

4.  The  proportion  of  free  ammonia,  and  of  ammonia  contained 
in  salts  which  are  readily  decomposed  by  quicklime,  perceptibly 
decreases  on  keeping  of  the  manure. 

5.  The  total  amount  of  nitrogen,  on  the  contrary,  perceptibly 
increases  in  the  several  experimental  periods. 

6.  The  amount  of  nitrogen  in  the  soluble  organic  matters 
slightly,  but  regularly,  increases  with  the  time  during  which  the 
manure  is  kept ;  and  the  same  remark  applies  to  the  nitrogen  in 
the  insoluble  organic  matters, 

7.  The  August  analysis  exhibits  a  very  much  larger  percent- 
age of  insoluble  inorganic  substances  than  the  April  analysis, 
and  even  than  the  analysis  made  on  the  15th  of  November, 
1855. 

It  is  evident  that  the  sample  taken  for  analysis  on  the  23rd  of 
August  contained  a  considerable  amount  of  mechanical  impuri- 
ties, which  spoil,  to  some  extent,  the  general  results.  In  a  minor 
degree  this  source  of  error  will  be  perceived  in  the  November 
analysis  (November  15th,  1855).  If,  however,  due  allowance 
be  made  for  this  evident  admixture  of  accidental  earthy  matters, 
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the  analysis  made  in  August  and  in  November,  1855,  will  be 
found  to  correspond  perfectly  in  their  general  bearings  with  the 
other  analyses.  Having  obtained  the  results  by  carefully  exe- 
cuted analyses,  I  did  not  feel  justified  in  introducing  corrections, 
even  in  case  such  corrections  seemed  desirable  to  be  made.  A 
critical  mind  will  derive  from  the  two  last  analyses  as  mueh 
instruction  as  from  the  three  preceding.  They  afford,  at  the 
same  time,  a  direct  proof  of  the  necessity  of  not  being;,  satisfied 
with  one  or  two  analyses  in  researches  of  diis  kind^  and  show 
that  trustworthy  deductions  can  be  derived  only  from  a  series  of 
carefully  conducted  analyses.  It  is  too  often  the  case  that  cor- 
rections are  introduced  into  analyses  which  cannot  always  be 
referred  to  plain  and  evident  disturbing  causes ;  and  as  sadk  a 
course,  if  tolerated,  opens  at  once  the  door  to  abuse,  I  have  ever 
set  my  face  against  such  a  practice,  and  therefore  prefer  to  stMte 
my  results  as  I  get  them,  whether  or  not  they  agree  with  othenL 

The  preceding  analyses  furnish  plain  evidence  that  the  consti- 
tuents of  the  manure  under  shed  have  become  far  less  altered'  in 
composition  than  in  the  case  of  the  experimental  heap  No.  II. 
And,  indeed,  the  physical  condition  of  the  heap  upder  shed 
affords  a  convincing  proof  of  the  fact  that  fresh  farmyard  manure 
does  not  properly  ferment  when  it  is  kept  under  cover,  and  the 
water,  which  constantly  evaporates  from  its  surface,  is  not 
replaced  by  pumping  occasionally  water  or  liquid  manure  over 
the  heap. 

The  fermentation,  however,  of  the  dung  cannot  be  entirely 
prevented  by  this  mode  of  treatment  As  might  have  been 
expected,  fermentation  is  more  perceptible  in  the  first  experi«^ 
mental  periods  than  in  the  succeeding.  By  the  time  the  pei^ 
centage  of  water  m  this  manure  had  become  reduced  to  56  per 
cent.,  practically  speaking  a  stop  was  put  to  farther  fermenta^ 
tion,  and  the  manure  remained  very  much  in  the  same  condition, 
at  the  end  of  the  experimental  year,  in  which  it  was  found  at  the 
end  of  April. 

In  the  next  Table  the  composition  of  the  whole  heap  under 
shed,  as  calculated  from  the  preceding  analyses,  is  given  (p.  239). 

A  reference  to  Uie  Table  will  show  that  the  loss  incurred  in 
keeping  of  fresh  farmyard  manure  under  cover  is  greatest  in  the 
first  experimental  period,  and  that  this  loss  principally  affects  the- 
insoluble  organic  matter.  Thus,  when  put  under  cover,  the  whole 
heap  contained,  in  round  numbers,  839  lbs.  of  insoluble  organic 
substances,  whilst  after  a  la^se  of  six  months  only  410  lbs.  were 
left  over.  One  half  of  the  total  amount  of  insoluble  organic 
matters  thus  has  been  dissipated,  in  the  form  of  carbonic 
acid  and  other  gaseous  products  of  decomposition,  in  the  course 
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^^Vle  ahowin^^  Compositioii  of  entire  Experimental  Heap  (Ko.  U.)^.  £i:esh 
Farmyard  Manure,  under  Shed. 


When 
put  up. 
Nor.  3rd, 

1854. 

April  3(tth. 
IMS. 

1 

Aug.  23rd.  Nov.  Kith, 
18H.      ,      I8S5. 

Weight  of  nuuLure 

3258 

1613 

1297     ,     1285 

Amoant  of  water  in- the  manure    . .      . . 

Amount  of  dry  matter 

Consisting  of— 
^Soluble  oi^anic  matter 

Soluble  mmeral  matter 

flnsoluble  or^nic  matter        

Insoluble  mmeral  matter        

2156* 
1102- 

80-77 

50-14 

839M7 

131*92 

917*6 
695-4 

74-68 

54-51 

410-24 

155*97 

563-2        514-5 
733-8        720-5 

53*56        66*28 

39-55        54*68 

337-32     341-97 

303-37      257-57 

1102- 

695-4 

733-8        720-5 

•Containing  aitro^n 

Equal  to  ammonia 

fContaining  nitropn        

Equal  to  ammonia 

4-85 

5-88 
16-08 
19*52 

4*38 
5-33 

14*88 
17*46 

8.46          5*25 

4-20          6-37 

13*08        13*54 

15-88        16-44 

Total  amount  of  nitrogen  in  manure     . . 
Equal  to  ammonia 

20-93 
25*40 

19*26 
22-79 

16*54        18-79 
20-08        22-81 

Tlie  manore  containfi  ammonia  in  free  state 
, ,              , ,         ammonia  in  form  of 
salts,  easily  decomposed  by  quicklime  j 
Total  amount  of  organic  matters  ..      .. 
Total  amoant  of  mineral  matters  ..     .. 

1-10 

2*86 

919*^ 
182-06 

•88 

1*62 

484-92 
210*48 

•19            -23 

1*88          1*80 

390*^8     408*25 
342-92  1  312-85 

of  six  months.  Or^  calculating  the  loss  in  dry  matter,  for  th^ 
whole  manure-heap  in  a  dry  state,^  we  find  that  100  parts  of  the 
dry  manure  have  lost,  under  cover,  about  37  per  cent,  in  solid 
matters.  The  dissipation  of  organic  matter  is  not  attended  with 
any  great  loss  in  nitrogen,  for  it  will  be  observed  that  the  entire 
heap  contained  in  November,  1S54,  when  first  put  up^  20*93  Ibd.. 
of  nitrogen,  and  on  the  30th  of  April,  19*26  lbs. ;  consequently^ 
about  li  lb.  of  nitrogen  only  escaped,  in  one  way  or  the  other, 
during  this  period. 

It  would  appear  that  this  inconsiderable  amount  of  nitrogen 
escaped  by  evaporation,  in  the  form  of  volatile  carbonate  of 
ammonia ;  for  the  differences  exhibited  by  the  November  and 
April  analyses,  in  the  proportion  of  free  ammonia,  and  ammonia 
in  form  of  salts  readily  decomposed  by  quicklime,  very  nearly 
correspond  with  a  loss  of  about  1^  lb.  of  nitrogen. 

Perhaps  it  may  appear  strange  that  the  manure-heap  No.  L, 
which  was  exposed  to  the  weather,  lost  less  nitrogen,  in  the 
form  of  ammonia,  during  the  first  six  months  than  the  heap 
under  cover.     But  this  apparent  anomaly  finds  a  ready  explana* 
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tion  in  the  fact  that  during  an  active  fermentation  organic  acids 
are  formed  which  fix  the  ammonia,  while  the  same  acids  are  not 
so  readily  produced  in  the  absence  of  the  requisite  amount  of 
moisture. 

At  the  same  time  it  should  be  borne  in  mind  that  ammonia 
escapes  more  readily  from  a  partially-dried  substance  than  one 
saturated  with  moisture ;  and  as  the  manure-heap  under  shed  on 
keeping  became  much  drier  than  the  heap  exposed  to  the  weather, 
the  free  ammonia  had  a  better  chance  of  being  dissipated  into  the 
air. 

The  August  and  November,  1855,  analyses  on  account  of  the 
accidental  impurities,  do  not  give  a  fair  representation  of  the 
changes  which  may  have  taken  place  during  these  periods. 

There  should  be  of  course  the  same  total  amount  of  mineral 
matters  at  the  end  of  the  experimental  year  which  occurs  in  the 
manure  when  first  placed  under  cover.  Omitting  the  fractions  we 
have  in  November,  1855, 182  lbs.  of  mineral  matters,  and  on  the 
30th  of  April,  210  lbs.,  or  a  difference  which  is  not  greater  than 
might  have  been  expected  in  two  analyses  of  the  same  sample  of 
manure. 

But  assuming  the  samples,  which  have  been  taken  for  the 
August  and  November  analyses,  to  represent  fairly  the  composi- 
tion of  the  whole  heap,  we  would  have  no  less  than  343  lbs.  of 
mineral  matters  in  August,  and  312  lbs.  the  following  November. 
Now  this  cannot  be  the  case,  and  it  is  therefore  plain  that  the 
excess  of  mineral  matters  must  be  due  to  accidental  admixture  of 
dirt  to  the  dung.  Such  an  admixture  of  course  will  reduce  the 
amount  of  nitrogen  and  organic  matters  in  the  analyses :  but  if 
a  correction  be  made  for  this  palpable  inaccuracy  it  will  be  found 
that  after  the  30th  of  April  the  heap  under  shed  sustained  but 
a  very  trifling  loss  in  nitrogen  and  organic  matters. 

Leaving  the  reader  to  make  this  calculation  for  himself,  I 
append  a  Table  which  will  furnish  the  data  for  similar  calcu- 
lations (p.  241). 

Experimental  Heap  (No.  III.),  fresh  Farmyard  Manure j  spread 
in  an  open  Yard, — Mixed  horse,  cow,  and  pig  dung. 

Having  furnished  the  reader  with  a  complete  analysis  of  each 
experimental  heap  with  the  exception  of  the  manure  spread  out 
in  an  open  yard,  I  thought  it  desirable  to  submit  the  manure 
No.  III.,  the  originally  fresh  farmyard  manure,  to  a  complete 
organic  and  inorganic  analysis,  after  it  had  been  exposed  to-  the 
influence  of  rain,  sun,  and  wind  for  a  period  of  six  months.  The 
results  of  this  examination  are  incorporated  in  the  following 
Tables. 
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bowing  Loss  in  the  difbrent  com|X)nent  parts  of  Experimental  Heap,  No.  II.,  at 
rent  periods  of  the  Year;  likewise  Percentage  of  Loss  and  Loss  per  Ton  of  Fresh 
ulfe. 
(N.B.  The  numbers  preceded  by  the  sign  *  express  Gain  instead  of  Loss.) 


From  November  3, 1854, 

To  April  30, 1855i 
Kept  6  Montlu. 

To  August  23. 1865. 
Kept  9  Months. 

NoTember  15, 1855. 
Kept  12  Months. 

a  weight  of— 

«*P 

1645- 
I23d-4 

Percent. 
50-49 
38- 

Per  ton. 
li:«)^97 
85^20 

1961 
1592^8 

Percent. 
60-19  • 
48*88 

Ftorton. 
1348-25 
1094-91 

2023- 
1641-5 

Percent. 
62-09 
60*35 

Per  ton. 
1390-81 
1127-84 

orj^anic  matter  .     .     . 
mineral  matter     .     . 
le  organic  matter  .     . 
le  mineral  matter  .     . 

6-09 

•4-37 

428-93 

•24-05 

-18 
••13 
13-16 
••73 

4^03 

•2-91 

294^78 

•16-35 

87-21 
10-59 

501-85 
•171-45 

•83 

•32 

15-40 

•626 

18-59 

7-16 

344-96 

•117-82 

14-46 

•4-54 

497-2 

•125-65 

•44 

•14 
15-26 
•3-85 

9-85 
•3^13 
341-82 
•86-24 

ling  nitrogen      .     .     . 
0  ammonia    .... 
ling  nitrogen     .     .     . 
0  ammonia   .... 

-47 
•55 

1-20 
2-06 

•014 
•016 
-036 
•033 

•31 

•35 

80 

1-41 

1-39 
1-68 
300 
3-64 

•042 
•051 
•092 
•111 

•94 
M4 
2-06 
2-48 

••40 
••49 
8-64 
3-08 

•*012 

•-015 

•078 

•094 

•-26 

•35 

1*74 

2-10 

inoont  of  nitrogen  .     . 
oammonia    .... 

1-67 
2-Gl 

-051 
•080 

1-14 
179 

4-39 
5-39 

•134 
-163 

3-00 
3-65 

2-14 
2-59 

•065 
*079 

1-45 
1-76 

aia  in  free  state  .     .     . 
I  form  of  salts    .     .     . 

.no 
1-24 

-006 
•03 

-13 
-67 

•91 
1-53 

•027 
•046 

•60 
103 

-87 
1-06 

•026 
•032 

•58 
•71 

mount  of  organic  matter 
ainenl  matter    .     .     . 

43=>-02 
•23-42 

13-34 

•86 

298-81 
•19-25 

529-06 
•160-86 

16^23 
•494 

363-55 
•110-66 

511-69 
•13019 

15^70 
•3^99 

35167 
•89-37 

Fresh  Farmyard  Manure  (No.  III.),  Spread  in  open  Yard. 

Taken  for  Analysis,  April  30,  1855. 
.  (a.)  Composition  of  Manure  in  Natural  State, 

Water 80*02 

*  Soluble  organic  matter 1*16 

Soluble  inorganic  matter  (ash)  : — 

Soluble  silica  '211 

Phosphate  of  lime *194 

Lime      *005 

Magnesia         "008 

Potash -365 

Soda       -037 

Chloride  of  sodium  '004 

Sulphuric  acid        "041 

Carbonic  acid  and  loss '145 

1-01 

t  Insoluble  organic  matter 11*46 

Insoluble  inorganic  matter : — 

Soluble  silica  -955 

Insoluble  silicious  matter        1*101 

Oxide  of  iron  and  alumina,  with  phosphates  . .     '622 

Containing  phosphoric  acid ('177) 

Equal  to  bone  earth        ('276)  * 

Carryforward     ..      ..       93*65 
VOL.  XVII.  R 
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Bron^t  forwBPa  ..      ..       93*65 

Lime        %      ..  1*964  ^ 

Magnesia        ,, ..      ..  *082 

Potash -052 

Soda      -009 

Sulphuric  acid       . .      .' "066 

Carbonic  acid  and  loss 1*499 


6-35 


100-00 


*  Contaming  nitrogen      '08 

Equal  to  ammonia        '09 

t-Containing  nitrogen      ..     ... '45 

Equal  to  ammonia        . .      '54 

Whole  manure  ckmtains  amm.  in  free  state  per  cent  *01 0 

„  ft  in  ibim  of  salts  '045 

Q).y  Composition  of  the. same  Manure  in  dry  staie, 

*•  Soluble  organic  matter         5'8© 

Soluble  inorganic  matter  (ash) : — 

Soluble  silica          1*05 

Phosphate  of  lime 1*07 

Lime      ..      » *02 

Magnesia        '04 

Potash 1-82 

Soda       -18 

Chloride  of  sodium         *02 

Sulphuric  acid       ...      ^.      .^      ..      ..-      ..  '20 

Carbonic  acid  and  iosB   ^      ^.     ...     ..^     ...  '65 


605 


t  Insoluble  organic  matter —     ....  ^*      57'37 

Insoluble  inorganic  matter  (ash) : — 

Soluble  silica ^..      ...  4*76 

Insoluble  silica       „ 5*51 

Oxide  of  iron  and  alumina,  with  phosphates    ..  ^'11 

Containing  phosphoric  acid .,,  ("89) 

Equal  to  bone  earth        '(I'OO) 

Lime      ;9'83 

Magnesia        .«      ..     <•«  '41 

Potash *.  -27 

Soda       -06 

Sulphuric  acid        '33 

Carbonic  acid  and  loss .7'48 

31'78 

lOO'OO 

*  Containing lutro^      « ...     ^.  '42 

Equal  to  ammonia  . .     ..     «.     ^.     ....     ^,     «.  *51 

f  Contsjning  nitrogen      . .      . .      «.     ....     .^     « .  2*St8 

Eqoal  to  ammonia 2*76 

Whole  manure  contains  amm.  in  free  state  per  ct.  *05 

M                it  '              in  form  of  salts   . .  *225 


08    H 

•ss. 

o.co 


goo 
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(c)  €m»p(Mim^^  Aah  '^ pcHiminmMk  in  Water. 

Soluble  «iliea     ..     ^.     ...     ...      ,.     ilfirOS 

Insoluble,  silioiousmattari (sand)    17*85 

Oxides  of  iron  and  alumina,  with  phosphates  9*80 

Containing  phosphoric  acid      '(2'80) 

Equal  to  bone  earth          t4*B6) 

Lime 30*94 

Magnesia l.«30 

Potash ^ •87 

Soda ..  -02 

Sulphuric  acid "1'05 

Carbonic  acid  and  loss •.  23'62 


100:00 

Composition  of  Ash  o/joortion  soluble  in  Water, 

Soluble  silica     20*93 

Phosphate  of  lime 19-29 

Lime - '50 

Magnesia           '82 

Potash        36*21 

Soda           3*69 

Chloride  of  sodium —     ,.      •,     ...  -41 

Sulphuric  acid  ..      ...      ►.      ..      ^     4*10 

Carbonic  acid  and  loss ^.  14*05 


100-00 
No,  IV.  sprmcl  out. 
Taken  for  Analysis,  April  "39, 1855. 
Composition  <^  mixed  Ash. 

Soluble. silica    ...      ^     ^.      ^      ....       2*87 

Phosphate  of  lime    ..      „      !2-€4 

Lime         tOB 

Magnesia •*11 

Potash       4*97 

Soda  ..     ...     ..     .^     ^ _         '50 

Chloride  of  sodium  ..      - '05 

Sulphuric  acid  ..      ..      *50 

Carbonic  acid  and 'loss 2*08 

:4n«ngad  togeth 
r  Soluble  sHica   ...      ..     ...     ...      ..     ^     18-06  15*90 

Insoluble  silica        .,      ^     ...     14-96  14*96 

Phosphate  of  lime 2*64 

Oxides  of  iron  and  alumina  with  phosphates    8-45  8*45 

Containing  phosphoric  acid (2*41)  (2*41) 

Equal i»  hone  earth       (3*76)  (3*76) 

Lime         26*69  26*75 

Magnesia 1*12  1*23 

Potash       -75  5*72 

Chloride  of  sodium ^05 

Soda .,....-        -02  -52 

Sulphuricacid         ...      '90  1*40 

Carbonic  acid  and  loss     ..      ..      ..      ^     20-35  22*38 


100*00  100-00 

r2 
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Leaving  any  remarks  on  the  organic  composition  of  the  manure 
until  the  general  composition  at  the  different  experimental  periods 
has  been  stated,  I  shall  offer  in  this  place  merely  a  few  observa- 
tions on  the  differences  which  will  be  perceived  on  comparing 
the  ash  analyses  of  the  fresh  manure  with  those  that  have  just 
been  given. 

1.  In  the  first  place  it  will  be  seen  that  the  proportion  of 
soluble  fresh  ash  is  very  much  greater  in  the  manure,  when  the 
experiment  was  taken  in  hand  on  the  3rd  of  November,  than 
after  a  lapse  of  6  months,  during  which  the  manure  was  spread 
out  in  an  open  yard  and  exposed  to  the  deteriorating  influence 
of  the  weather.     Thus  we  find — 

In  fVesh  Manure.  The  same  Mannre, 

analysed  Nov.  3, 1855.     analysed  April  30, 1856. 

Soluble  ash       27-55  13-73 

Insoluble  ash    ..      ..      ..     72*45  86-27 


100-00  100-00 

We  have  thus  here  a  clear  proof  that  the  rain  which  falls  on 
the  manure  kept  in  an  open  yard,  rapidly  deteriorates  its  value 
by  removing  from  it  a  very  considerable  proportion  of  the  most 
valuable  saline  constituents. 

2.  On  comparing  the  insoluble  ash  of  the  fresh  manure,  with 
the  corresponding  portion  of  the  ash  of  the  manure  after  having 
been  exposed  in  an  open  yard  to  the  weather,  it  will  be  seen  that 
there  is  a  much  larger  proportion  of  insoluble  silicious  matter  in 
the  April  analysis,  but  less  potash  and  only  about  half  the 
amount  of  phosphate  of  lime  which  is  contained  in  the  insoluble 
ash  of  the  same  manure  before  it  had  been  spread  out  in  an  open 
yard. 

3.  The  soluble  portion  of  the  ash  of  this  manure  in  April  con- 
tains, it  will  be  seen,  more  soluble  silica  and  sulphuric  acid  than 
the  soluble  ash  of  the  manure  in  November,  1855. 

4.  The  influence  of  rain  on  manure  spread  out  in  an  open  yard 
is  best  seen  by  comparing  the  composition  of  the  whole  ash  of 
the  manure,  analysed  in  April,  with  the  analysis  of  the  whole  ash 
of  the  manure  in  a  perfectly  fresh  state. 

In  the  whole  ash  of  the  April  manure  is  less  soluble  silica, 
less  potash,  and  much  less  phosphate  of  lime,  than  in  the  ash  of 
the  manure  in  a  fresh  state.  The  most  soluble,  and  at  the  same 
time  most  valuable  fertilizing  substances  thus  are  washed  out  by 
falling  rain,  and  consequently  an  ash  richer  in  lime  and  insoluble 
matters  is  left  on  burning  the  manure  on  the  30th  of  April.  The 
actual  loss  in  weight  which  this  experimental  heap  sustained  in 
the  year,  is  given  in  the  following  Table. 
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Table  showing  the  actual  Loss  in  Weight,  and  Percentage  of  Loss  in  Weight, 
of  Experimental  Heap  (No.  IIL),  fresh  Farmyard  Manure,  spread,  at 
different  periods  of  the  Year. 


Weight  of 
Manure 
in  lbs. 


Loss  in 
Original 
Weight 
in  lbs. 


Percentage 
of  Loss. 


Put  up  on  the  3rd  of  November,  1854  . . 
Weighed  on  the  SOth  of  April,  1855,  or  after) 

a  lapse  of  6  months      j 

Weighed  on  the  2drd  of  August,  1855,  or) 

a&r  a  lapse  of  9  months  and  20  days      . .  j 
Weighed  on  the  15th  of  November,  1855,  or) 

after  a  lapse  of  1 2  months  and  12  days    . .  / 


1652 
1429 

1012 

950 


223 
G40 

702 


13-4 
38' 7 
42*4 


The  loss  in  weight  on  the  SOth  of  April,  thus  amounted  to 
only  13J  per  cent. ;  but  as  rain  had  fallen  shortly  before  the 
weighing  was  made  in  April,  the  real  loss  in  valuable  fertilizing 
matters  is  much  greater  than  indicated  by  the  direct  weighing. 
This  will  appear  clearly  when  the  composition  of  the  entire 
quantity  of  the  manure  spread  in  the  open  yard  shall  have  been 
stated.  Before  doing  this,  however,  I  shall  endeavour  to  explain 
the  alterations  which  the  spread  manure  underwent  in  the  course 
of  the  experimental  year. 

The  third  series  of  analyses,  incorporated  in  the  subjoined  Table, 
I  trust  will  afford  a  sure  guide  in  drawing  satisfactory  conclusions. 

Table  showing  Composition  of  Experimental  Heap  (No.  IIL),  fresh  Farm- 
yard Manure,  spread  in  open  yard,  at  different  periods  of  the  Year.  In 
natural  state. 


When 

put  up. 
Nov.  3rd, 


April  3Gtb, 
1855. 


Aug.  23rd.  Nov.  15tb, 
1855.      I       1865. 


Water         

"^Soluble  organic  matters  . . 

Soluble  inorganic  matters 
+ Insoluble  organic  matters 

Insoluble  mineral  matters 


66- 17 
2-48 
1-54 

25  76 
4'05 


♦Containing  nitrogen        

Equal  to  ammonia 

tContaining  nitrogen        

Equal  to  ammonia 

Total  amount  of  nitrogen       

Equal  to  ammonia 

Ammonia  in  free  state 

Ammonia  in  form  of  salts,  easily  decom- 
posed by  quicklime      

Total  amount  of  organic  matters  . . 

Total  amount  of  mineral  substances 


100-00 

•149 

•181 
•494 
•599 
•643 
•780 
•034 

•088 

28*24 
5*59 


80-02 
1-16 
1-01 

11-46 
6-35 


70-00 

•49 

•G4 

10-56 

18-22 


100-00 

•08 
•09 
•45 
•.54 
•53 
•63 
•010 

•045 

12-62 
7*36 


65^  56 

•42 

•57 

9-94 

23^51 


100-00    lioo-oo 


•06 
•07 
-S.'i 
•42 
•41 
•49 
•012 

•051 

11-05 
18'86 


•03 

•036 

-36 

•46 

•39 

•496 

•0006 

•030 


10-36 
24-08 
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It  will  be  observed  that  this  manure  oontained,  on  the  30th  of 
April,  14  per  cent,  more  water  than  when  first  spread  out  in  the 
yard.  The  fact  was,  that  a  day  before  it  was  analysed  and 
weighed,  a  good  deal  of  rain  bad  fallen,  which  of  course  tho- 
roughly drenched  the  manure  spread  about  in  the  yard,  whilst  it 
did  not  thoroughly  saturate  with  moisture  the  experimental  heap 
No.  I.  There  is  thus  less  moisture  in  the  heap  No.  I.  than  in. 
the  manure  spread  out. 

By  the  23rd  of  August  a  great  deal  of  moisture  had:  evapo- 
rated,  and  on  the  15th  of  November  \^ery  nearly  the  samcr  pni^ 
portion  of  moisture  was  found  which  tlie  manure  origihallj.  oon<^ 
tained.  We  can  therefore  compare  the  firsft  with  the  last  analysis 
without  committing  any  great  error^  and  shall  find,  on  such  a 
comparison,  the  following  interesting  particulars : — 

1.  At  the  end  of  the  experiment  the  manure  contained,,  kistead 
of  2^  per  cent.,  not  quite  4-  per  cent,  of  soluble  organic  matters.  « 

2.  The  insoluble  organic  matters  in  the  course  of  the  year 
became  reduced  from  25 '  7  per  cent,  to  10  per  cent 

3.  The  soluble  nitrogenized  constituents  appear  to  have  been 
washed  out  almost  completely,  since  at  the  conclusion  o£  the 
experiment  the  manure  contained  only  *03  per  cent.,,  on  a  mere 
trace  of  nitrogen. 

4.  The  total  percentage  of  nitrogen  in  the  manure  haft  become 
considerably  diminished  in  the  manure  analysed  in  November, 
1855. 

The  fertilizing  value  of  the  manure  spread  out  in  an  open  yard 
thus  became  deteriorated  by  keeping  far  more  considerably  than 
any  other  of  the  experimental  heaps. 

Before  offering  any  further  remarks  on  the  experiments  with 
this  manure,  a  Table  (p.  247)  stating  the  composition  of  the 
manure  in  a  dry  state  may  find  here  a  convenient  place. 

The  analytical  data  incorporated  in  this  Table  are  extremery 
interesting  and  practically  important,  inasmuch  as  they  show  to 
what  extent  farmyard  manure  may  become  deteriorated  in'  value 
by  slovenly  practice,  and  how  rapidly  the  most  valuable  fer- 
tilizing constituents  are  removed  by  the  rain  which  falls  upon 
the  manure. 

It  will  be  perceived  that  the  loss  in  valuable  substances  is 
especially  great  in  the  warmer  months  of  the  year,  but  I  beliieve 
it  is  not  so  much  due  to  the  more  elevated  temperature  that  the 
manure  becomes  deteriorated,  as  to  the  heavy  showers  of  xnin 
which  fall  in  the  summer  months. 

On  comparing  the  amount  of  the  different  constitizentft  of  the 
manure  in  the  various  experimental  periods j  it  will  be  observed 
that  all  the  manuring  constituents,  with  the  exception  of  the  in^^ 
soluble  mineral  matters,  rapidly  diminish,  so  that  at  last  but  a 
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Table  showing  Gompcmtion  of  Experimental  Heap  (Ko.  III.),  fresh  Farmyard 
Manure,  spread,  at  dififerent  periods  of  the  Year.    Calculated  diy. 


When 

putup.. 
Nov.  3rd. 

April  aotfa^'AtiK.  2Sni; 

Nov.  IStfa, 

1855. 

18U. 

18U. 

1854. 

^Soluble  organic  matters  . . 



7-33 

5-80 

1-64 

1-21 

Soluble  inorganie  matters 

4-55 

5-05 

2-14 

1-69 

flnsolnble  organic  matters 

*.      ►».     .. 

76-15 

57-37 

35-30 

28-86 

Insoluble  mineral  matters 

U'97 

31-78 

60-92 

68*24 

100-00 

100-00 

100^00 

lOO'OO 

"^Containing  mtrogen;        ^ 

•  ■      •«•     .<• 

•44 

•42 

•20! 

•10 

Equal  to  ammonia    . .      . . 



•53 

•51 

-24 

•^ly 

tCootaining  nitrogen 

^■ 

1-46 

2-28 

l^i7 

^•09 

Equal  to  annnonia    . ..     ^. 

...     •-•     •» 

i-7r 

2-76 

1-41 

I '32 

Total  amount  of  nitrogen 

.  .             —m             .-. 

1-90. 

2-70 

1.-37 

t-l»> 

Equal  to  ammonia    ..      .« 

...          .w 

2-30 

3-27 

1^65 

1'44 

Ammonia  in  free  state     ^■ 

.•-          •«■          .. 

•10 

•05 

•040 

-0017 

Ammonia  in  form  of  salts^  easily  decom- 
posed by  quicklime      .,      .^     ^    .,  / 

•26 

•225 

•171 

•087 

Total  amount  of  organic  matters    .^      ... 

83-48 

63-17 

36-94 

so-ar 

Total  amount  of  mineral  substances 

16«.52 

36^83 

63-06 

;  69-93 

small  proportion  of  the*  original  fertilizing  matters  is  left 
behind. 

Thus  the  soluble  organic  matters  sink  from  7*33  per  cent,  to 
5*8  per  cent,  in  the  course  of  six  months,  to  1*64'  per  cent,  m 
nine  months,  and  to  1*21  per  cent,  in  twelve  months.  With  this 
loss  insoluble  organic  matters  the  percentage  of  nitrogen^  present 
in  the  form  of  soluble  compounds,  gradually  sinks  from  '44  per 
cent,  to  '10  per  cent.  That  this  losa  in  nitrogen  is  not  entirely 
due  to  the  evaporation  o£  ammonia,  is  shown  by  the  simultaneous 
diminution  of  l^e  amount  of  soluble  inorganic  matters,  which, 
became  reduced  fcom  4*55  per  cent,  to  1'69. 

Still  more  conspicuous  is  the  loss  in  insoluble  organic  matters. 
Thus  we  have  in  the  fresh  dry  manure  76*15  per  cent,  of  insoluble 
organic  matters^  After  a  lapse  of  lux  months  only  57'*37  'p&L 
cent  are  left  behind ;,  after  nine  months  bnt  35*3  per  eent.,,  and 
after  twelve  months  merely  28*86«  per  cent^ 

Similai?  sU'iking  differences  in  the  composition'  of  the  maaBsaxe 
at  the  stated  periods  will  manifest  themselves  on*  aa  attentive' 
perusal  of  the  foregoing  tabulateci  analytical  results^  They  idL 
trad  to  prove  the  enormous  waste  which  is  incurred  by  keepiiigi 
for  a  lengthy  period  farmyard  manure  exposed  in  thin  layer»  to 
the  influence  of  the  wealhCT.  But  I  most,  hasten  to  aseeitbiin  the 
precipe  loss  in  the  varioua  eonstituente  whish  Uiis  manare  susr 
taioed  in  the  course  of  a  year. 

This  loss  will  become  apparent,  by  aai  inflpectioo.  o£  the;  iolr^ 
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lowing  Table,  in  which  is  stated  the  composition  of  the  entire 
mass  of  the  experimental  manure  No.  Ill, 

Table  showing  Composition  of  entire  mass  of  Experimental  Manure  (No.  III.X 
fresh  Farmyard  Manure,  spread.  In  Natural  State.  Expressed  in  lbs.  and 
fractions  of  lbs. 


When 

put  up. 

Nov.  3rd, 

1854. 


April  30thJ  Aug.  23rd, 
1855.  1865. 


Nov.  15Ui^ 
185S. 


Weight  of  manure 

Amount  of  water  in  the  manure 

Amount  of  dry  matter    . . 

Consisting  of— 
♦Soluble  organic  matter    . . 

Soluble  mineral  matter    . . 
t  Insoluble  organic  matter 

Insoluble  mineral  matter 


1652- 


1429* 


1012» 


950' 


♦Containing  nitroj3;en 
Equal  to  ammonia    . . 

tContaining  nitrogen 
Equal  to  ammonia    . 


1093- 
559- 

40«97 

25-43 

425-67 

66-93 


1143- 
285*5 

16-55 

14-41 

163-79 

90-75 


709-3 
302-7 

4-96 

6-47 

106-81 

184-46 


622-8 
327-Sr 

3*9S 

5-52 

94-45 

223-28 


559-00 


285-50 


302-70 


327 -ao 


Total  amount  of  nitrogen  in  manure 
Equal  to  ammonia 


The  manure  contuns  ammonia  in  free  state 

, ,  , ,         ammonia  in  form  of) 

salts,  easily  decomposed  by  quicklime  / 

Total  amount  of  organic  matters   . . 

Total  amount  of  mineral  matters  . .      . 


3-28 
3-98 
6-21 
7-54 


9-49 
11-52 


-55 

1-45 

466-64 
92-36 


1-19 
1-44 
6-51 
7-90 


•60 

•73 

3*54 

4-29 


-32 

•39 

3-56 

4-25 


7-70 
9-34 


•14 

•62 

180-34 
105-16 


4*14 
6-02 


•13 

•55 

111-77 
190-93 


3-88 
4-64 


•005S 
•28 


98-40 
228-80 


This  Table  requires  an  explanatory  notice.  It  will  be  observed 
that  the  amount  of  insoluble  mineral  matters  in  the  manure 
increases  greatly  in  every  succeeding  experimental  period.  Espe* 
cially  it  is  great  in  November,  1855.  This  increase  is  due 
entirely  to  accidental  admixtures  of  earthy  matters,  which  could 
not  be  excluded  without  losing  some  of  the  manure.  It  was 
found,  namely,  impossible  to  collect  the  manure  properly  without 
mixing  with  it  some  of  the  soil  over  which  it  was  spread.  On 
the  23rd  of  August,  1855,  the  manure  had  shrunk  to  a  very  small 
bulk,  and  on  the  15th  of  November,  1855,  the  greater  portion  of 
the  manure  appeared  to  have  gone  either  into  the  air  or  to  have 
been  washed  into  the  soil.  It  was  necessary  therefore  to  scrape 
the  soil  as  close  as  possible  in  order  not  to  lose  any  of  the  manure, 
and  it  is  due  to  this  circumstance  that  at  the  conclusion  of  the 
experiment  a  very  much  larger  proportion  of  insoluble  mineral 
substances  was  found  than  in  the  perfectly  fresh  manure.  I  may 
mention,  however,  that  the  whole  mass  of  the  spread  manure  has 
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been  most  carefully  mixed  before  a  sample  was  taken  for  analysis. 
The  earthy  matters  I  have  every  reason  to  believe  were  inti- 
mately mixed  with  the  manure ;  and  since  the  composition  of 
the  entire  mass  has  been  calculated  from  the  data  already  fur- 
nishedy  the  general  deductions  which  may  be  derived  from  my 
experiments  are  not  affected  by  this  cifrcumstance.  In  speaking 
of  the  loss  which  this  manure  sustained  in  keeping,  I  will  select 
the  more  important  fertilizing  constituents  for  illustration,  and 
in  reference  to  them  beg  to  make  the  following  observations : — 

1.  The  weight  of  the  whole  manure,  when  spread  out  in  an 
enclosed  yard,  amounted-  to  1652  lbs.  In  this  quantity  were 
present  4097,  or  nearly  41  lbs.  of  soluble  organic  matters.  After 
the  lapse  of  six  months  only  16i  lbs.  were  left  in  the  manure  ;  in 
nine  months  barely  5  lbs.,  and  after  twelve  months  merely  4  lbs. 

Thus  only  about  1-lOth  part  of  the  original  quantity  of  soluble 
or^nic  matters  was  left  over  by  keeping  fresh  farmyard  manure 
spread  out  in  an  open  yard. 

2.  The  nitrogen  contained  in  the  41  lbs.  of  soluble  organic 
matters  amounted  to  3*28  lbs.  After  six  months  only  1*19  lbs.  of 
nitrogen,  in  the  state  of  soluble  compounds,  was  left ;  after  nine 
months  little  more  than  i  lb.,  and  after  twelve  months  only  \  of 
a  lb.  In  other  words,  the  nitrogen  in  the  state  of  soluble  com- 
pounds has  disappeared  almost  entirely  in  the  course  of  a  year. 

3.  In  an  equally  considerable  degree  the  soluble  mineral  mat- 
ters were  dissipated  in  the  manure.  Originally  the  manure 
contained  25*43  lbs.  of  soluble  mineral  matters.  After  six  months 
this  quantity  became  reduced  to  14*41  lbs. ;  after  nine  months  to 
to  6*47  lbs.,  and  after  a  lapse  of  twelve  months  to  5*52  lbs. 

On  the  whole  the  manure  thus  lost  78*2  per  cent,  of  the  ori- 
ginal quantity  of  soluble  mineral  matters. 

4.  Still  more  striking  is  the  loss  in  insoluble  organic  matters. 
In  the  fresh  manure  were  present  425*67  lbs.  of  insoluble  organic 
substances.  In  the  course  of  six  months  these  became  reduced  to 
163*79  lbs. ;  a  further  exposure  of  rather  more  than  three  months 
to  the  weather  reduced  this  quantity  to  106*81  lbs.,  and  after 
twelve  months  merely  94*45  lbs.  were  left  over.  The  manure 
lost  thus  no  less  than  77*7  per  cent,  of  the  original  quantity  of 
insoluble  organic  matters. 

5.  If  we  look  to  the  total  amount  of  nitrogep,  we  shall  find 
that  the  original  proportion  of  nitrogen  in  the  manure,  amounting 
to  9*49  lbs.,  was  reduced  in  the  course  of  six  months  to  7*70  lbs., 
after  nine  months  to  4*14  lbs.,  and  after  twelve  months  to 
3*88  lbs. 

At  the  conclusion  of  the  experiment  more  than  half  the  quan- 
tity, or,  in  exact  numbers,  59*1  per  cent,  of  the  nitrogen  con- 
tained in  the  fresh  manure,  was  wasted. 
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6.  If  we  replace,  in  the  analysis  made  on  the  15th  November, 
1855,  the  number  which  expresses  the  amount  of  inaoluble 
mineral  matters  by  the  number  66*93,  expressing  the  psopoition 
of  insoluble  mineral  matters  which  the  manure  contained'  at  the 
conmiencement  of  the  experiment,  and  which  it  would  have  alao^ 
contained  had  no  earthy  matters  been  miised  up  with  the  manave, 
and  add  to  it  the  other  constituents^  we  obtain  for  the  corrected 
composition  of  the  whole  manure  in  November,  1855,  the  fol- 
lowing numbenr,  which  for  companson's  sska  axe  contiaated 
with  the  analjMs  of  the  fresh  manure  of  November,.  1854 : — 

At  OODOtlMlQII  of 

When  pat  up,       ezperimeDt, 

Nov.  3. 1064.       IfoT.  15;  IMW; 

Ibft.  lbs. 

Weight  of  the  manure 1652  950 

Amount  of  water  in  the  manure 1093^  622*8 

„    dry  substances 559  170*85 

Consisting  of: — 

Soluble  organic  matters 40*97  3»9B 

♦Soluble  mineral  matters 25»43  5r52 

flnsoluble  oi^anic  mattere 425*67  94*45 

Insoluble  mineral  matters         66*93  66*93 

559*00  170*85 

*  Containing  nitrogen         3*28  '32 

Equal  to  ammonia    ^      .« 3*98  "39 

t  Containing  nitro^^ ..      ..  6*21  3*&6 

Equal  to  ammonia 7*54  4*25 

Total  amount  of  nitrogen  in  manure     ..      ...      ..       9*49        ^.     3^88 

Equal  to  ammonia ..     11*52  4*64 

The  whole  manure  contained : — 

Ammonia  in  free  state         -55  *0055 

Ammonia  in  form  of  salts  readily  decomposed 

by  quicklime 1*45  •28 

Total  amount  of  organic  matters        466*64  98*40 

,,  mineral  matters        ^      ..      ..     92*36  72*45 

It  will  hence  appear  from  these  results  that  the  experiment 
was  begun  with  559  lbs.  of  dry  manure ;  after  the  lapse  of 
twelve  months,  only  170*85  lbs.  were  left  behind..  Kept  for  dbis 
length  of  time  spread  in  an  open  yard^  the  manure  thijis  loat 
no  less  than  69*8  per  cent,  in  fertilizing  matters ;:  or^  in-  round 
numbers,  ttoo-thirds  of  the  manure  were  wastedy  and  only  one^tkbrd 
was  left  behind.  This  fact  teaches  a  most  important  l«son,  and 
speaks  for  itself  so  forcibly  that  any  further  comment  appears  to 
me  useless.  In  conclusion  of  this  third  series  of  ezperimenti^  I 
may,  however,  give  a  Table  which  may  be  found  useful  in  taUui^ 
lating  the  loss  in  the  various  fertilizing  mattei»  in  any  given 
quantity  of  farmyard  manure  kept  in  a  similar  manner,. in  which. 
the  experimental  manure  No.  UL  was  kept^ 
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le  showing  Loss  in  the  different  oompwient  parta  of  Experimental  Heap,  No.  III., 
Fresh  Farmyard  Manure  (No.  III.)  j  Spread,  at  different  periods  of  the  Year ;  also  Per- 
»ntage  of  Loss  and  Loss  per  Ton  of  Fresh  BEftnure. — Quantities  stated  in  Ihs.  and  Frac- 
tions of  lbs.    (N.B.  The  sign  *  prefixed  to  a  number  indicates  Increase  instead  of  Loss.) 


jrm  in  vreif  ht'Off— 
jz«  heap  .     . 
ter 


able  orgianic  ouitter  .  . 

able  minoml  matter.  . 

loluble  organic  matter  . 

oluble  mineral  matter  . 

Qtaining  nitro^fen      .  . 

aal  to  ammorna  .     .  . 
DUining  nitroglli 
aal  to  a 


^1  amount  of  nitrogen 
aal  to  aaunonia  .     . 

unonia  in  free  state  . 
to  in  form  of  salta     . 


tal  amount  of  organic  matter    281)' 30 
to  mineral  matter    ...     *I2'80 


From  November  3, 1834, 


To  April  30,  1835. 
Kept  6  Months. 


223- 
•50- 


Percent.  Her  ton. 
13-49  296*77 
•J-02       •67-64 


24-^2 

11-02 
261-88 

•Jd-82 


209 
2-54 
••30 
••36 


1-47 

•66 

15-83 

•1-44 


■12 

•15 

•018 

•OW 


32-92 

14-78 

355-04 

•J2-24 


36-OL 

18-96 

318-86 

•117 '54 


2-68 
3-36 
••-10 
••50 


1-79 
2-18 


•41 

-83 


•102  i 
•129  I 


2-28 
2-95 


-024 
•050 


•53 
112 


17^32 
••78 


I  3{*7^96 


To  August  23,  1855. 
Kept  9  Months. 


640- 


3-7 


2-68 
3-25 
2-67 
3-25 


5-35 
6-50 


•42 


.^JM-87 
•98-57 


Per  cent.  Per  ton. 

38-74     8«;-;7 

23-22      520-12 


2-18 

1-14 

19*2» 

•7-11 


48-83 

25-53 

432' 0») 

•159-26 


•16 
•19- 
.16 
•19 


•050 


21-47 
•^•97 


8702 

1991 

3BP21 

•156- 36 


3*58- 
425- 

4-25 


T-16 
8-51 


•56 

112 


•13J-7a 


To  NoTemberl5..1855. 
Kept  It  Mteths. 


70S- 
470-20 


2"  96 
3*S» 
2?€ff> 

3«2» 


5-ei 

688- 


-5445^ 
1-17 


368-24 

•136-44 


Fnoent. 

42r49 
28-46 


2-24 

1-20 

20tOi 

•Sk'40 


-18 
•21 
•16 
•19 


•34 
•41 


22-29 
•8-25 


Per  ton. 
951-77 
637-50 


60-17 

26-88 

449-12 

•210-56 


4-03 
4'70 
3-58 
4-25 


7-61 
918 


•73 

1-56 


•184-80 


Experimental  Heap  (No.  IV.),  Well-rotten  Dungt^  Exposed. — Mixed 
horse,  cow,  and  pig  manure. 

Tiie  fourth  and  last  series  of  experiments  was  Begun  on  the 
5th  of  December,  1854,  with  a  view  of  ascertaining  whether  or 
not  well-rotten  manure  is  deteriorated  in  value  more  rapidly 
than  fresh  dung,  produced  by  the  same  description  of  animals. 
The  weighings  were  made  on  the  same  days  on  which  the  weight 
of  the  three  preceding  experimental  heaps  were  ascertained.  In 
the  following  Table  the  results  of  the  direct  weighings  are  stated  : 

Table  showing  the  Weights  of  Experimental  Heap  (No.  IV.),  Well-rotten 
Dung,  Ex|X)sed,  and  Percentage  of  Lobb. 


Weight  of 

.Manure 

in  lbs. 


Put  up  on  the  .5th  of  December,  1854   . .      . 
Weighed  on  the  30th  of  April,  1865,  or  afterl 

a  lapse  of  4  months  and  25  days  . .  / 

Weighed  on  the  23rd  of  August,   1855,  or 

after  a  lapse  of  8  months  and  18*  days 
Weighed  on  the  15th  of  November,  1855,  or^ 

after  a  lapse  of  1 1  months  and  10  days     . .  y 


1613 
1186 

1023 

1003 


iMBtil 

OrigiiMi: 

.Weight 
in  lbs. 


42r 

610 


IVvCflBtSgB 

of  Loes. 


26^5 
3r-8 


Analysed  at  the  same  periodst  at  which  ths  weighings,  were 
made,,  the  following  results  were  obtained':—* 
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Table  showing  Composition  of  Experimental  Manure  (No.  IV.),  Well- rotten 
Dung,  Exposed.    In  natural  state. 


"When 

rjsi 

Feb.  Htb, 

AprU  SOth,'  Aug.  23rd, 

Nov.  isth. 

1855. 

1855. 

1S55. 

1855. 

1854. 

Water        

75-42 

73-90 

68-93 

72-25 

71-55 

♦Soluble  organic  matters  ..      .. 

3-71 

2^70 

2^21 

1«50 

1-13 

Soluble  inorganic  matters 

1-47 

2-06 

1-68 

1^10 

1-04 

j*  Insoluble  organic  matters 

12*82 

14-39 

15-87 

12^46 

12-35 

Insoluble  mineral  matters 

6*58 

6*95 

11-31 

12-69 

13' 93 

100-00 

100-00 

100-00 

100-00 

100-00 

♦Containing  nitrogen        . .      . . 

•297 

•149 

•14 

•090 

•09 

Equal  to  ammonia 

•360 

•180 

•17 

•109 

•11 

fContaining  nitrogen        . .      . . 

•309 

•610 

•76 

•490 

•56 

Eqoal  to  ammonia 

•375 

•740 

•92 

•600 

•69 

Total  amount  of  nitrogen 

•606 

•759 

•90 

•580 

•  -65 

Equal  to  anunonia 

•735 

•920 

1^09 

•709 

,      -SO 

Ammonia  in  free  state     . .      . . 

•046 

•015 

-006 

•013 

r      -003 

Ammonia  in  form  of  salts,  easily  1 
decomposed  by  quicklime  . .  J 

•057 

•048 

•044 

•040 

•029 

Total  amount  of  organic  matters 

16^53 

17^09 

18*08 

13-96 

13-48 

Total  amount  of  mineral  sub-) 
stances ] 

8-05 

9-01 

12-99 

13^79 

14'97 

It  will  be  seen  that  at  the  conclusion  of  the  experiment  the 
manure  contained  about  4  per  cent  less  moisture  than  it  did  at 
the  beginning.  In  each  experimental  period  the  percentage  of 
water  was  different,  and  consequently  the  direct  weighings  do  not 
represent  accurately  the  percentage  of  real  loss.  In  the  next 
Table  is  given  the  composition  of  the  same  manure,  calculated  dry. 

Table  showing  Composition  of  Experimental  Manure  (No.  IV.),  Well-rotten. 
Dimg,  Exposed,  at  different  periods  of  the  Year.    In  dry  state. 


"NVhen 
put  up. 
Dec.  5th, 

1854. 


Feb.  Wtb, 
1855. 


April  30tb.|  Aug.  23rdl,  Nov.  ISth, 
1855.      I       1855.      j       1855. 


♦Soluble  organic  matters  .. 

Soluble  inorganic  matters 
t Insoluble  organic  matters 

Insoluble  mineral  matters 


♦Containing  nitrogen        . .      . 

Equal  to  ammonia 

fContaining  nitrogen 

Equal  to  ammonia 

Total  amount  of  nitrogen 

Equal  to  ammonia 

Ammonia  in  free  state    . . 

Ammonia  in  form  of  salts,  easily*^ 
decomposed  by  quicklime  . .  / 

Total  amount  of  organic  matters 

Total  amount  of  mineral  sub-) 
stances / 


l.'i-og 

52-15 
26-78 


10-. 34 

7'89 

55-13 

26*64 


7-11 

5-41 

51  08 

36*40 


5-41 

3-96 

44*90 

46-73 


3-99 

3-67 

43-39 

48*95 


100-00      100*00      100-00      100-00      100*00 


1-21 
1*47 
1*26 
1*53 
2-47 
3-00 
*189 

•232 

67-24 

32-76 


-57 
*69 
2-35 
2-85 
2-92 
3-54 
•057 

•183 

65*47 

34' 53 


•45 
*54 
2*44 
2-96 
2*89 
3-50 
•018 

•137 

58-19 

41«81 


•32 
•39 
1-76 
2^I6 
2*08 
2^55 
•047 

•144 

50^  31 

49*69 


•82 
•39 
1-98 
£•40 
2-30 
2*79 
•012 

•104 

47*38 

52-62 
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It  will  appear  from  these  analyses  that  in  well-rotten  farmyard 
manure  the  soluble  constituents  are  more  readily  wasted  than  is 
the  case  with  fresh  dung  kept  in  the  same  manner.  On  the 
other  hand,  the  percentage  of  insoluble  organic  matters,  practi- 
cally speaking,  sustained  no  diminution  by  keeping  the  manure 
in  a  heap  exposed  to  the  weather  from  December  5th,  1854,  to 
April  30th,  1855.  In  the  two  succeeding  periods,  embracing 
the  warmer  months  of  the  year,  an  appreciable  loss  in  the  inso- 
luble organic  matters  appears  to  have  taken  place ;  and  it  is 
in  the  two  last  periods  that  the  soluble  constituents  have  been 
wasted  more  abundantly  than  in  the  preceding  months. 
•  The  nature  of  this  loss  will  become  more  conspicuous  if  we 
calculate  from  the  foregoing  data  the  composition  of  the  whole 
experimental  heap  No.  IV.  This  has  been  done  in  the  sub- 
joined Table  : — 

Table  showing  Composition  of  Whole  Heap  (No.  IV.),  Well-rotten  Dung, 
Exposed.     In  Natural  State.    Expressed  in  lbs.  and  fractions  of  lbs. 


:  WTien 

put  up. 

Dec.  5th, 

1854. 


April  30tl], 
1855. 


Aug.  23rd. 
1855. 


Nov.  15th, 
1855. 


Weight  of  manure. 

Amonnt  of  water  in  the  manure     . . 

Amount  of  dry  matter      

Consisting  of — 
*Soluble  organic  matter 

Soluble  mineral  matter 

flnsoluble  organic  matters        

Insoluble  mineral  matters        

*Containing  nitrogen 

Equal  to  ammonia 

fContaining  nitrogen         

Equal  to  ammonia 

Total  amount  of  nitrogen  in  manure 
Equal  to  ammonia 

The  manure  contains  ammonia  in  free  state 
, ,  , ,  ammonia  in  form  of) 

salts,  easily  decomposed  by  quicklime  ] 
Total  amount  of  organic  matters    . . 
Total  amount  of  mineral  matters    . . 


1613' 


1186- 


1023* 


1003* 


1216- 
396- 


59  "83 

23'7l 

206-77 

106«19 


818- 
368* 

26-10 

19-90 

187-97 

133-97 


739-1 
283-9 

15-35 

11-24 

127-47 

129-84 


737*7 
285-3 

11-38 

10-47 

123-79 

139-66 


396-5 


368- 


283*9 


285-30 


4-79 
5-81 
4-99 
6-08 


1-73 

2-10 

8-99 

10-91 


•90 
1-09 
4-99 
6-06 


-92 
I'll 
5-65 
6-89 


9-78 
11-89 


10-72 
13-01 


•74 

•92 

266-60 
129-90 


•066 

•50 

214*13 
153-87 


5-89 
7-15 


6-57 
8-00 


•13 

•40 

142-82 
141-08 


-034 

•29 

135-17 
150-13 


A  careful  comparison  of  these  analytical  results  will  show : — 

1.  That  well-rotten  dung  loses  little  in  substance  during  the 
colder  months  of  the  year,  provided  no  heavy  rain  falls.  Should 
there  be  continued  rainy  weather,  the  result,  I  have  no  doubt, 
would  be  different  from  that  obtained  in  my  experiments. 

2.  In  the  warmer  months  of  the  year  rotten  dung  decreases  in 
bulk  and  in  weight  more  rapidly  than  in  the  colder  seasons  of 
the  year. 
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3.  The  loss  which  weUUToUentdimg  sustaiiis  aflbols  .principally 
the  salable  oonstitueBts. 

4.  Although  rotten  dung  diminishes  less  in  weight  than  fresh 
dung  kept  in  the  same  manner  for  rthe  same  length  of  time,  jet 
rotten  dung  is  more  oreadily  deteriorated  in  intrinsic  value  than 
iresh.  Tlui  arises  from  the  circumstance  that  in  rotten  dung  the 
proportion  of  soluble  matters  ia  much  larger  than  in  fresh.  Thus 
it  will  be  seen  that  from  59*83  lbs.  of  soluble  oiganic  substances 
originally  .present  in  the  manure,  only  11'38  lbs.  were  left  over 
at  the  conclusion  of  the  experiment,  and  iiom  £3*71  soluUe 
mineral  matters  only  10*47  \ha. 

5.  It  will  be  seen  also  that  hardly. a  trace (6f  the  free.ammonia* 
present  in  the  manure  when  first  used  for  this  series  of  experi- 
ments is  left  over  by  November,  1855 ;  and  that  also  the  am- 
monia present  in  the  form  of  salts,  which  are  easily  decomposed 
by  quicklime,  is  almost  altogether  dissipated. 

^6.  Finally,  it  may  be  observed  that  in  rotten  dung  exposed  to 
the  weather  (rain),  the  nitrogen  present  in  the  form  of  soluble 
compounds  (principally  ammoniacal  salts)  is  much  more  rapidly 
wasted  than  in  fresh  dung. 

The  whole  tenor  of  this  fourth  series  of  experiments  agrees 
wdll  with  the  first  series.  Having  given  in  the  previous  pages  a 
detailed  account  of  the  changes  which  fresh  manure  undeirgoes  in 
becoming  rotten,  I  shall  not  offer  any  further  remarks,  and  con- 
clude this  experimental  series  by  the  subjoined  tabulated  state- 
ments which  may  be  found  acceptable : — 

Table  showing  Loss  in  the  different  component  parts  of  ExperimeHtEtl  Heap,  'Sti,  TV.,  \ 
rotten  Dung,  Exposed,  at  different  periods  of  the  Year,  in  natural  state ;  also  Percen 
of  Loss  and  Loss  per  Ton  of  original  Rotten  Dung. — Expressed  in  lbs.  and  fract 
of  lbs.    (N.B.  The  sign  *  prefixed  to  a  number  expresses  Increase,  and  not  Loss.) 


Firom  Decembers,  ISM, 

To  April  30.  1855. 
Kept  6  Months. 

To  August  23, 1855. 
Kept  8  Months. 

ToN©v«nberl5,18 
Kept  11  Months. 

Loss  in  weight  of— 

Entire  heap 

Water 

427- 
398-5 

Percent.  Per  ton. 
26-47       615-32 
24-70       533-28 

Percent. 
590-         36-57 
477^4    1  29-47 

Per  ion. 

819-16' 
6C0-12 

6I0^ 
478-8 

Bwewt. 

87-82 
29-69 

PCJ 

84! 
66 

*So1able  (nuanic  matter  .     .     . 
Soluble  mineral  matter      .     . 
flnsoluble  organic  matter  ..     . 

33-67 

4-81 

18-80 

•27-78 

2-06 

•29 

1-16 

•1-72 

46-14 

6-49 

25-98 

•38-52 

44-48 

12-47 

79-30 

•23-65 

2-61 

•77 

4-92 

•146 

62-94 

17-24 

110-20 

*fl2'70 

48-45 

13-24 

62^»8 

•38-47 

8-00 

•82 

6^14 

•2^07 

6 
li 
11. 

•* 

♦Containing  nitrogen      .     .     . 

Equal  to  ammonia  .... 
fContaining  nitrogen     .     .     . 

Equal  to  ammonia  .... 

3.06 

3-71 

•4-00 

4-83 

•18 

•23 

••24 

•29 

403 

6- 15 

•5-37 

6-49 

3-89 
4-72 
0^ 
•02 

•24 
-29 
©• 
-001 

6-37 
6-49 
0- 
•02 

3^87 
4-70 
••66 
••81 

•24 

•29 

••04 

••05 

( 

Total  amonnt  of  nitrogen  .     . 
Equal  to  ammonia   .... 

-94 
•1-12 

••05 
••07 

•1-12 
•1.66' 

3^89 
4-72 

-24   . 
-29  • 

6-37 
6*49 

8-21 

;8-«9 

•19 
•26 

i 

Ammonia  in  free  sUte  .     .     . 
Ammonia  in  form  of  atllB  .     . 

•674 
•42 

-04 
"•02 

•89 
•44 

•61 
•52 

•03 
•03 

•67 

•706 
'68 

•04 
•M 

62^47 
•22-97 

8-22 
1-43 

•32^03 

123-78 
•11-18 

7-73 
••69  . 

•16-46 

«S0!23 

814 
•i23. 

Iff 
•2J 

Farmyard  Manure.  255 

In  eoDclunon,  I  may-onentioB  that  1  have  tested  the  vanimis 
experimental  manures  at  different  times  for  nitrates,  and  have 
been  ajble  to  detect  the  presence  of  nitric  acid  in  omest  cases  in 
which  the  manure  had  been  lept  >ior  some  lime  in  contact  with 
the  atmosphere.  Under  all  oircomstances,  ihowever,  the  propor- 
tion of  nitric  acid  appeared  to  ameont  to  mere  traces ;  and,  as  I 
am  not  acquainted  with  any  accurate  method  of  determining 
minute  quantities  of  nitric  acid  in  so  compleza  mixture  of  sub- 
stances as  that  of  farmjard  manure,  I  ihave  not  attempted  to  deter- 
mine the  amount  of  nitric  acid  in  the  manure  quantitively.  I 
may  be  permitted,  however,  briefly  to  state  the  xesults  of  my 
qusditative  examinations : — 

Qualitative  examination  for  Nitrates, 

Fresh  fermyard  manure  (about  14  days)  -^j^  «^^i.;^^ 

old)  examined  ^v.  3rd,  1854        ..     J  "^^  '^^''^' 
Well-rotten  dung  taken  from  the  bottom  i 

of  manure-pit  on  the  5ih  of  Dec,  1654  ( j  J       '»'* 

AniQyses  made  february  14th,  1855. 

Experimental  h««.,  No.  I.,  fresh  Taxmyarai  j^^^  tnuw.of  nitric  acid, 
manure  exposed J 

Experimental  I'.ajp,  NoJI.,  fresh  iaiiD-i  i>oubtfnl'tnice  of  nitric  adfl. 

yard  manure  under  shea   ..     .-     «•     ) 
Experimental  heap.  No.  m.,  well*o»t«ij  N5^c  add  distinctly  present,  ap- 

^ung  exposed  ^     ..    1     ..     ..   j      SS^^'l.'^'^  ^"^'•'" 
Analyses  made  April  30tb,  1855. 

Experimaital  heap,  No.  I.,  fresh  manure^  Bistinot  trsces  of  nitric  acid. 

exposed       ..     ...      .. ) 

Experimental  heap,  No.  11.,  fresh  manure) 

under  shed ..      ..     ^     j  *•  " 

Experimental  heap,  JfTo.  IH^  fresh  imanure )  j^   reaction 

spread  out...      ..      ..     -^     j 

E^rimental  heap,  No.  TV,,  weU-rotten|  Bjatjact  traces-of  nitric  acid. 

dung  exposed j 

Analyses  made  August  23rd,  1855. 

Experimental  heap,  No.  I.,  fresh  manure!  Distinct  tracuB.  of  nitric  add, 

exposed        J 

Experimental  heap,  No.  II.,  fresh  manure)  ^^  ^^^^  ^^  ^ 

under  shed J  ^ 

Experimental  heap,  No.  III.,  fresh  manure)  ^  ^^^  ^^^ 

spread  out  «      ..      ..      » j 

Experimental  heap.  No.  IV„  well-rotteni  Stronger  Teaction  of  nitric  acid, 

dang  exposed      )      than  in  May. 

It  will  he  seen  that  there  was  no  nitriic  acid  present  in  the 
fresh  manure,  nor  in  the  rotten  <dung  taken  from  Ihe  hottom  of 
the  pit ;  and,  as  traces  of  nitrates  were  detected  in  the  manure 
afker  a  three-months'  eixposnre  to  the  weather,  it  would  seem  to 
ibn^w  that  access  of  air  is  essential  for  the  formation  ^of  nitrates 
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in  the  manure.  I  was  rather  surprised  not  to  find  any  decided 
traces  of  nitric  acid  in  the  manure  spread  out  in  the  yard.  But 
as  nitrates  are  very  soluble  in  water,  and  the  spread  manure  con- 
tained a  very  small  proportion  of  soluble  saline  matters,  it  is 
evident  that,  if  nitrates  have  been  formed,  they  must  have  been 
washed  into  the  soil  on  which  the  manure  was  spread. 

Conclusion, — Having  described  at  length  my  experiments  with 
farmyard  manure,  it  may  not  be  amiss  to  state  briefly  the  more 
prominent  and  practically  interesting  points  which  have  been 
developed  in  the  course  of  this  investigation.  I  would  therefore 
observe, — 

1.  Perfectly  fresh  farmyard  manure  contains  but  a  small  pro- 
portion of  free  ammonia. 

2.  The  nitrogen  in  fresh  dung  exists  principally  in  the  state 
of  insoluble  nitrogenized  matters. 

3.  The  soluble  organic  and  mineral  constituents  of  dung  are 
much  more  valuable  fertilizers  than  the  insoluble.  Particular 
care,  therefore,  should  be  bestowed  upon  the  preservation  of  the 
liquid  excrements  of  animals,  and  for  the  same  reason  the  manure 
should  be  kept  in  perfectly  waterproof  pits,  of  sufficient  capacity 
to  render  the  setting  up  of  dungheaps  in  the  comer  of  fields,  as 
much  as  it  is  possible,  unnecessary. 

4.  Farmyard  manure,  even  in  quite  a  fresh  state,  contains 
phosphate  of  lime,  which  is  much  more  soluble  than  has  hitherto 
been  suspected. 

5.  The  urine  of  the  horse,  cow,  and  pig,  does  not  contain  any 
appreciable  quantity  of  phosphate  of  lime,  whilst  the  drainings 
of  dungheaps  contain  considerable  quantities  of  this  valuable  fer- 
tilizer. The  drainings  of  dungheaps,  partly  for  this  reason,  are 
more  valuable  than  the  urine  of  our  domestic  animals,  and  there- 
fore ought  to  be  prevented  by  all  available  means  from  running 
to  waste. 

6.  The  most  effectual  means  of  preventing  loss  in  fertilizing 
matters  is  to  cart  the  manure  directly  on  the  field  whenever  cir- 
cumstances allow  this  to  be  done. 

7.  On  all  soils  with  a  moderate  proportion  of  clay  no  fear 
need  to  be  entertained  of  valuable  fertilizing  substances  becoming 
wasted  if  the  manure  cannot  be  ploughed  in  at  once.  Fresh,  and 
even  well-rotten,  dung  contains  very  little  free  ammonia ;  and 
since  active  fermentation,  and  with  it  the  further  evolution  of 
free  ammonia,  is  stopped  by  spreading  out  the  manure  on  the 
field,  valuable  volatile  manuring  matters  cannot  escape  into  the 
air  by  adopting  this  plan. 

As  all  soils  with  a  moderate  proportion  of  clay  possess  in  a 
remarkable  degree  the  power  of  absorbing  and  retaining  manuring 
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matters,  none  of  the  saline  and  soluble  organic  constituents  are 
wasted  even  by  a  heavy  fall  of  rain.  It  may,  indeed,  be  ques- 
tioned whether  it*  is  more  advisable  to  plough-in  the  manure  at 
once,  or  to  let  it  lie  for  some  time  on  the  surface,  and  to  give  the 
rain  full  opportunity  to  wash  it  into  the  soil. 

It  appears  to  me  a  matter  of  the  greatest  importance  to  regu-» 
late  the  application  of  manure  to  our  fields  so  that  its  consti- 
tuents'may  become  properly  diluted  and  uniformly  distributed 
amongst  a  large  mass  of  soil.  By  ploughing  in  the  manure  at 
once,  it  appears  to  me,  this  desirable  end  cannot  be  reached  so 
perfectly  as  by  allowing  the  rain  to  wash  in  gradually  the  manure 
evenly  spread  on  the  surface  of  the  field. 

By  adopting  such  a  course,  in  case  practical  experience  should 
confirm  my  theoretical  reasoning,  the  objection  could  no  longer 
be  maintained  that  the  land  is  not  ready  for  carting  manure  upon 
it.  I  am  much  inclined  to  recommend  as  a  general  rule:  Cart 
the  manure  on  the  field,  spread  it  at  once,  and  wait  for  a  favourable 
opportunity  to  plough  it  in.  In  the  case  of  clay  soils,  I  have  no 
hesitation  to  say  the  manure  may  be  spread  even  six  months 
before  it  is  ploughed  in,  without  losing  any  appreciable  quantity 
of  manuring  matters.  I  am  perfectly  aware  that,  on  stiff  clay- 
land,  farmyard  manure,  more  especially  long  dung,  when  ploughed 
in  before  the  frost  sets  in,  exercises  a  most  beneficial  action  by 
keeping  the  soil  loose  and  admitting  the  free  access  of  frost, 
which  pulverizes  the  land, — and  would  therefore  by  no  means 
recommend  to  leave  the  manure  spread  on  the  surface  without 
ploughing  it  in.  All  I  wish  to  enforce  is,  that  when  no  other 
choice  is  left  but  either  to  set  up  the  manure  in  a  heap  in 
a  comer  of  the  field,  or  to  spread  it  on  the  field,  without 
ploughing  it  in  directly,  to  adopt  the  latter  plan.  In  the  case  of 
very  light  sandy  soils  it  may  perhaps  not  be  advisable  to  spread 
out  the  manure  a  long  time  before  it  is  ploughed  in,  since  such 
soils  do  not  possess  the  power  of  retaining  manuring  matters  in 
any  marked  degree.  On  light  sandy  soils  I  would  suggest  to 
manure  with  well-fermented  dung  shortly  before  the  crop  in- 
tended to  be  grown  is  sown. 

8.  Well-rotten  dung  contains  likewise  little  free  ammonia, 
but  a  very  much  larger  proportion  of  soluble  organic  and  saline 
mineral  matters  than  fresh  manure. 

9.  Rotten  dung  is  richer  in  nitrogen  than  fresh. 

10.  Weight  for  weight,  rotten  dung  is  more  valuable  than 
fresh. 

11.  In  the  fermentation  of  dung  a  very  considerable  propor- 
tion of  the  organic  matters  in  fresh  manure,  is  dissipated  into  the 
air  in  the  form  of  carbonic  acid  and  other  gases. 

12.  Properly  regulated,  however,  the  fermentation  of  dung  is 
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not  attended  with  any  great  loss  of  nitrogen  nor  of  saline  mineral 
matters. 

13.  During  the  fermentation  of  dung,  ulmic,  bumic,  and  other 
organic  acids  are  formed,  as  well  as  gypsum,  which  fix  the  am- 
monia generated  in  the  decomposition  of  the  nitrogenized  con- 
stituents of  dung. 

14.  During  the  fermentation  of  dung  the  phosphate  of  lime 
which  it  contains  is  rendered  more  soluble  tban  in  fresh  manure. 

15.  In  the  interior  and  heated  portions  of  manure-heapa  am* 
monia  is  given  off ;  but,  on  passing  into  the  external  and  cold 
layers  of  dungheaps,  the  free  ammonia  is  retained  in  the  heap. 

16.  Ammonia  is  not  given  off  from  the  surface  of  well-com- 
pressed dungheaps,  but  on  turning  manure-heaps  it  is  wasted 
in  appreciable  quantities.  Dungheaps  for  this  reason  should 
not  be  turned  more  frequently  than  absolutely  necessary. 

17.  No  advantage  appears  to  result  from  carrying  on  the  fer- 
mentation of  dung  too  far,  but  every  disadvantage. 

18.  Farmyard  manure  becomes  deteriorated  in  value,  when  kept 
in  heaps  exposed  to  the  weather ;  the  more  the  longer  it  is  kept. 

19.  The  loss  in  manuring  matters,  which  is  incurred  in  keeping 
manure-heaps  exposed  to  the  weather,  is  not  so  much  due  to  the 
volatilization  of  ammonia  as  to  the  removal  of  ammoniacal  salts, 
soluble  nitrogenized  organic  matters,  and  valuable  mineral  mat- 
ters, by  the  rain  which  falls  in  the  period  during  which  the 
manure  is  kept. 

20.  If  rain  is  excluded  from  dung-heaps,  or  little  rain  falls  at 
^  time,  the  loss  in  ammonia  is  trifling,  and  no  saline  matters  of 
course  are  removed ;  but,  if  much  rain  falls,  especially  if  it 
descends  in  heavy  showers  upon  the  dungheap,  a  serious  loss  in 
ammonia,  soluble  organic  matters,  phosphate  of  lime,  and  salts 
of  potash  is  incurred,  and  the  manure  becomes  rapidly  deterio- 
rated in  value,  whilst  at  the  same  time  it  is  diminished  in 
weight. 

21.  Well-rotten  dung  is  more  readily  affected  by  the  dete- 
riorating influence  of  rain  than  fresh  manure. 

22.  Practically  speaking,  all  the  essentially  valuable  manuring 
constituents  are  preserved,  by  keeping  farmyard  manure  under 
cover. 

23.  If  the  animals  have  been  supplied  with  plenty  of  litter, 
fresh  dung  contains  an  insufficient  quantity  of  water  to  induce  an 
active  fermentation.  In  this  case  fresh  dung  cannot  be  properly 
fermented  under  cover,  except  water  or  liquid  manure  is  pumped 
over  the  heap  from  time  to  time. 

Where  much  straw  is  used  in  the  manufacture  of  dung,  and 
no  provision  is  made  to  supply  the  manure  in  the  pit  at  any 
time  with  the  requisite  amount  of  moisture,  it  may  not  be  ad- 


Farmyard.  Manure.  259 

>'i3able  to  put  up  a  roof  over  the  dung-pit.  On  the  other  hand, 
on  farms  where  there  is  deficiency  of  straw,  so  that  the  moisture 
of  the  excrements  of  our  domestic  animals  is  barely  absorbed  by 
the  litter,  the  advantage  of  erecting  a  roof  over  the  dung-pit  will 
be  found  very  great. 

24.  The  worst  method  of  making  manure  is  to  produce  it  by 
animals  kept  in  open  yards,  since  a  large  proportion  of  valu- 
able fertilizing  matters  is  wasted  in  a  short  time  ;  and  after  a 
lapse  of  twelve  months  at  least  two^thirds  of  the  substance  of  the 
manure  is  wasted,  and  only  one-third,  inferior  in  quality  to  an 
equal  weight  of  fresh  dung,  is  left  behind. 

25.  The  most  rational  plan  of  keeping  manure  in  heaps  ap- 
pears to  me  that  adopted  by  Mr.  Lawrence  of  Cirencester,  and 
described  by  him  at  length  in  Morton's  ^  Cyclopaedia  of  Agri- 
culture,' under  the  head  of  '  Manure.' 


APPENDIX. 


The  methods  employed  for  determining  the  water,  and  selecting  samples  for 
analysis,  have  been  stated  already  in  the  preceding  pages.  I  can,  therefore, 
proceed  at  once  with  the  description  of  the  other  methods  which  were  adojited 
in  the  analysis  of  the  manure. 

One  thousand,  and  sometimes  two  thousand,  grains  of  a  carefully  mixed 
sample  of  manure  were  digested  in  a  glass  beaker  with  about  16  ounces  of 
cold  distilled  water  for  about  three  or  four  hours.  ITie  liquid  was  then 
strained  through  calico,  and  the  residue  digested  a  second  time  with  about 
10  ounces  of  water;  the  liquid  was  again  lassed  through  calico,  and  the 
residue  thoroughly  squeezed  out.  It  was  next  di:e8ted  again  in  water,  ] pressed 
out,  and  repeatedly  washed  on  the  calico  until  the  water  came  perfectly  clear 
through  the  calico,  and  left  on  evaporation  merely  a  trace  of  solid  matter.  In 
this  way  a  quantity  of  liquid  was  obtained  (by  employing  1000  grains  of 
manure),  which  filled  about  a  Winchester  quart.  As  it  was  impossible  to 
obtam  a  perfectly  clear  liquid  by  repeated  nitrations  through  fine  filtering 
paper,  the  watery  solution  of  the  dun^  was  kept  in  carefully-stoppered  Win- 
chester quarts  for  three  or  four  days,  or  until  the  liquid  became  perfectly  clear 
<>n  standing.  It  was  then  di-awn  off  with  a  syphon  into  another  bottle,  and 
the  deposit  in  the  first  bottle  carefully  collected  in  a  weighed  filter,  and  this 
Weight  added  afterwards  to  that  of  the  ]ort:ou  of  dung  insoluble  in  water. 
The  insoluble  portion  was  previously  dried  in  the  air-bath  at  212°  Fah. 

The  weight  of  the  whole  solution  haviuii  leen  ascertained,  separate  |X)rtion8 
of  it  were  employed  for  the  deierniination  of  the  total  amount  of  soluble 
matters.  Generally  three,  sometimes  four,  weighed  portions  of  the  liijuid 
Were  evaporated  separately  to  dryness,  firet  in  glass  beakers,  and  finally  in  a 
large  platinum  basin  over  the  water-bath.  The  platina  basin  and  residue  was 
then  dried  in  the  air-bath,  until  it  ceased  to  lose  m  weight* 

The  dry  residue  of  two  evaporations  was  burned  over  the  gas-lamp  to  a 
whitish  ash,  and  thus  the  amount  of  soluble  organic  and  inorganic  matters 
determined.  The  dry  residue  of  the  third  and  fourth  evaporation  was  reserved 
for  the  determination  of  the  nitrogen  in  the  soluble  matters  of  the  manure. 

s2 
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In  a  similar  manner  the  proportions  of  organic  and  inorganic  matters  in  the 
insoluble  jwrtion  of  the  manure  was  ascertained. 

The  nitrogen  was  determined  in  each  portion  separately  by  combustion  with 
soda-lime,  and  collecting  the  ammonia  produced  in  sulphuric  acid  of  known 
strength,  according  to  Peligot's  method  of  determining  nitrogen  in  organic 
matters. 

Frequently  two  combustions  were  made  "with  one  and  the  same  substance, 
and  invariably  closely-agreeing  results  obtained. 

The  ash-analyses  of  the  soluble  and  the  insoluble  mineral  matters  of 
manure,  were  executed  according  to  the  method  described  in  Professor  Wohler's 
*  Handbook  of  Inorganic  Analysis,*  under  the  head  "  Analyses  of  the  Ashes 
of  Plants." 

The  amount  of  free  ammonia  in  the  manure  was  ascertained  by  placing 
into  a  wide-mouthed  retort  from  500  to  1000  grains  of  manure,  adding  about 
8  ounces  of  water,  and  distilling  off  about  4  ounces  into  a  glass  bottle,  con- 
nected air-tight  with  the  retort  on  the  one  hand,  and  on  the  other  with  the  bulb 
apparatus  usually  employed  in  nitrogen  combustions.  Both  the  bottle  and 
the  bulb  apparatus  contained  some  hydro-chloric  acid.  The  contents  of  both 
were  evaporated  to  dryness  on  the  water-bath,  and  from  the  dried  residue  the 
amount  of  free  ammonia  calculated. 

To  the  manure  in  the  retort,  from  which  the  free  ammonia  was  distilled  off, 
quicklime  and  a  little  more  water  was  added,  and  the  whole  distilled  nearly  to 
dryness  into  hydro-chloric  acid  as  before. 

Distilled  water  was  next  poured  upon  the  mixture  of  quicklime  and  manure 
in  the  retort,  and  after  some  time  the  liquid  filtered  through  filtering  paper. 
The  insoluble  portion  was  washed  several  times,  and  the  washings  added  to 
the  first  filtrate,  and  the  whole  clear  solution  evaporated  to  a  very  small  bulk. 

This  condensed  liquid,  which  in  most  cases  was  coloured  merely  light  yellow, 
finally  was  tested  for  nitric  acid  with  the  usual  tests. 


IX. — Management  of  Dairy  Cattle,     1854  to  1856. 

By  T.  HORSFALL. 

On  entering  upon  a  description  of  my  treatment  of  cows  for 
dairy  purposes,  it  seems  pertinent  that  1  should  give  some  expla- 
nation of  the  motives  and  considerations  which  influence  my  con- 
duct in  this  branch  of  my  farm  operations. 

I  have  found  it  stated,  on  authority  deserving  attention,  that  store 
cattle  of  a  fair  size,  and  without  other  occupation,  maintain  their 
weight  and  condition  for  a  length  of  time,  when  supplied  daily  with 
120  lbs.  of  Swedish  turnips  and  a  small  portion  of  straw.  The  ex- 
perience of  the  district  of  Craven,  in  Yorkshire,  where  meadow  hay 
is  the  staple  food  during  winter,  shows  that  such  cattle  maintain 
their  condition  on  1^  stone  of  meadow  hay  each  per  day.  These 
respective  quantities  of  turnips  and  of  hay  coiTespond  very  closely 
in  their  nutritive  properties ;  they  contain  a  very  similar  amount 
of  albuminous  matter,  starch,  sugar,  &c.,  and  also  of  phosphoric 
acid.  Of  oil — an  important  element,  especially  for  the  purpose 
of  which  I  am  treating — the  stated  supply  of  meadow  hay  con- 
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tains  more  than  that  of  turnips.  If  we  supply' cows  in  milk  of 
average  size  with  the  kind  and  quantity  of  food  above  mentioned, 
they  will  lose  perceptibly  in  condition.  This  is  easily  explained 
when  we  find  their  milk  rich  in  substances  which  serve  for  their 
support  when  in  store  condition,  and  which  are  shown  to  be 
diverted  in  the  secretion  of  milk. 

In  the  neighbourhood  of  towns  where  the  dairy  produce  is 
disposed  of  in  new  milk,  and  where  the  aim  of  dairymen  is 
to  produce  Ae  greatest  quantity,  too  frequently  with  but  little 
regard  to  quality,  it  is  their  common  practice  to  purchase  in- 
calving  cows ;  they  pay  great  attention  to  the  condition  of  the 
<Jow;  they  will  tell  you,  by  the  high  comparative  price  they 
pay  for  animals  well  stored  with  flesh  and  fat,  that  condition 
is  as  valuable  for  them  as  it  is  for  the  butcher;  they  look 
upon  these  stores  as  materials  which  serve  their  purpose ;  they 
supply  food  more  adapted  to  induce  quantity  than  quality, 
^nd  pay  but  little  regard  to  the  maintenance  of  the  condition  of 
the  animal.  With  such  treatment,  the  cow  loses  in  condition 
during  the  process  of  milking,  and  when  no  longer  profitable,  is 
jsold  to  purchasers  in  farming  districts  where  food  is  cheaper,  to 
be  fattened  or  otherwise  replenished  for  the  use  of  the  dairy  keeper. 
We  thus  find  a  disposition  in  the  cow  to  apply  the  aliment  of 
her  food  to  her  milk,  rather  than  to  lay  on  flesh  or  fat ;  for 
not  only  are  the  elements  of  her  food  diverted  to  this  purpose, 
but  to  all  appearance  her  accumulated  stores  of  flesh  and  fat  are 
drawn  upon,^  and  converted  into  components  of  milk,  cheese,  or 
butter. 

As  I  am  differently  circumstanced,  a  considerable  portion  of 
my  dairy  produce  being  intended  for  butter,  for  which  poor 
milk  is  not  adapted,  and  as  I  fatten  not  only  my  own  cows, 
but  purchase  others  to  fatten  in  addition,  I  have  endeavoured 
to  devise  food  for  my  milch  cows,  adapted  to  their  mainte- 
nance and  improvement,  and  with  this  view  I  have  paid  attention 
to  the  composition  of  milk.  From  several  analyses  I  have 
selected  one  by  Haidlen,  which  I  find  in  publications  of  repute. 
Taking  a  full  yield  of  milk,  4  gallons  per  day,  which  will  weigh 
upwards  of  40  lbs.,  this  analysis  assigns  to  it  of  dry  material  5*20, 
of  which  the  proportion,  with  sufficient  accuracy  for  my  purpose, 
consists  of — 

lbs. 

Pure  casein 2*00 

Butter 1-25 

Sugar 1-75 

Phosphate  of  lime                      |        ..      ..  '09 

Chloride  of  potassium  > 

And  other  mineral  ingredients  J        .,      ..  '11 

6-20 
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It  appeared  (£a  object  of  importance^  and  one  which  called  for 
my  particular  attention,  to  afford  an  ample  supply  of  the  elements 
of  food  suited  to  the  maintenance  and  likewise  to  the  produce  of 
the  animal,  and  that,  if  I  omitted  to  effect  this,  the  result  would 
be  imperfect  and  unsatisfactory.  By  the  use  of  ordinary  farm 
produce  only,  I  could  not  hope  to  accomplish  my  purpose.  Tui*- 
nips  are  objectionable  on  account  of  their -flavour ;  and  I  seek  to 
avoid  them  as  food  for  dairy  purposes.  I  use  cabbages,  kohl 
rabi,  and  mangold  wurzel,  yet  only  in  moderate  cjlantities.  Of 
meadow  hay  it  would  require,  beyond  the  amount  necessary  for 
the  maintenance  of  the  cow,  an  addition  of  fully  20  lbs.  for 
the  supply  of  casein  in  a  full  yield  of  milk  (16  quarts)  ;  40  lbs.  for 
the  supply  of  oil  for  the  butter ;  whilst  9  lbs.  seem  adequate  Ux 
that  of  the  phosphoric  acid.  You  cannot,  then,  induce  a  cow 
to  consume  the  quantity  of  hay  requisite  for  her  maintenance, 
and  for  a  full  yield  of  milk  of  the  quality  instanced.  Though 
it  is  a  subject  of  controversy  whether  butter  is  wholly  derived 
from  vegetable  oil,  yet  the  peculiar  adaptation  of  this  oil  to  the 
purpose  will,  I  think,  be  admitted.  1  had,  therefore,  to  seek 
assistance  from  what  are  usually  termed  artificial  feeding  sub^ 
stances,  and  to  select  such  as  are  rich  in  albumen,  oil,  and  phos- 
phoric acid;  and  1  was  bound  also  to  pay  regard  to  their  com- 
parative cost,  with  a  view  to  profit,  which,  when  farming  is 
followed  as  a  business,  is  a  necessary,  and  in  any  circumstances 
an  agreeable  accompaniment. 

I  think  it  tcill  be  found  that  substances  peculiarly  jich  in  nitro^ 
genous  or  other  elements  have  a  higher  value  for  special  than  for 
general  purposes  ;  and  that  the  employment  of  materials  characterized 
by  peculiar  properties  for  the  attainment  of  special  olgects  has  not 
yet  gained  the  attention  to  which  it  is  entitled. 

I  have  omitted  all  reference  to  the  heat-supplying  elements- 
starch,  sugar,  &c.  As  the  materials  commonly  used  as  food  for 
cattle  contain  sufficient  of  these  to  effect  this  object,  under  exposure 
to*  some  degree  of  cold,  I  have  a  right  to  calculate  on  a  less  con- 
sumpti(m  of  them  as  fuel,  and  consequently  a  greater  surplus  for 
deposit  as  sugar,  and  probably  also  as  fat,  in  consequence  of 
my  stalls  being  kept  during  winter  at  a  temperature  of  nearly 
60  degrees. 

1  now  proceed  to  describe  the  means  I  am  using  to  carry  out 
the  purposes  which  I  have  sought  to  explain.  My  food  for  milch 
cows,  after  having  undergone  various  modifications,  has  for  two 
seasons  consisted  of  rape-cake  5  lbs.,  and  bran  2  lbs.  for  each 
cow,  mixed  with  a  sufficient  quantity  of  bean-straw,  oat-straw, 
and  shells  of  oats,  in  equal  proportions,  to  supply  them  three 
times  a  day  with  as  much  as  they  will  eat.  The  whole  of 
the  materials  are   moistened   and   blended  together,  and    after 
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being  well  steauned,  are  giren  to  the  animah  in  a  warm  state.* 
The  attendant  is  allowed  1  lb.  to  1 J  lb.  per  cow,  according 
to  circumstances,  of  bean-meal,  -which  he  is  charged  to  give 
to  each  cow  in  proportion  to  the  yield  of  milk,  those  in  full  milk 
getting  2  lbs.  each  per  day,  others  but  little :  it  is  dry  and  mixed 
with  the  steamed  food  on  its  being  dealt  out  separately ;  when 
this  is  eaten  up,  green  food  is  given,  consisting  of  cabbages,  from 
October  to  December,  kohl  rabi  till  February,  and  mangold  till 
grass  time.  With  a  view  to  nicety  of  flavour,  I  limit  the  supply 
of  green  food  to  30  to  35  lbs.  per  day  for  each.  After  each  feed 
4  lbs.  of  meadow  hay,  or  12  lbs.  per  day,  is  given  to  each  cow ; 
they  are  allowed  water  twice  per  day  to  the  extent  they  will 
drink. 

As  several  of  these  materials  are  not  commonly  used  as  food,- 
I  may  be  allowed  some  observations  on  their  properties.  Bean- 
straw  uncooked  is  dry  and  unpalatable ;  by  the  process  t  of 
steaming,  it  becomes  soft  and  pulpy,  emits  an  agreeable  odour, 
and  imparts  flavour  and  relish  to  the  mess.  For  my  information 
and  guidance  1  obtained  an  analysis  of  bean-straw  of  my  own 
growth,  on  strong  and  high-conditioned  land  :  it  was  cut  on  the 
short  side  of  ripeness,  but  yielding  a  plump  bean.  The  analysis 
by  Professor  Way  shows  a  per-centage  of — 

Moisture ..      ..      ..  14*47 

Albuminous  matter 16'38 

Oil  or  fatty  matter 2-23 

Woody  fibre      25-84 

Starch,  gum,  &c 31-63 

Mineral  matters        945 

Total     100-00 

In  albuminous  matter,  which  is  especially  valuable  for  milch 
cows,  it  has  nearly  double  the  proportion  contained  in  meadow 
hay.  Bran  also  undergoes  a  great  improvement  in  its  flavour  by 
steaming,  and  it  is  probably  improved  in  its  convertibility  as 
food ;  it  contains  about  14  per  cent,  of  albumen,  and  is  peculiarly 
rich  in  phosphoric  acid,  nearly  3  per  cent,  of  its  whole  substance 
being  of  this  material.  The  properties  of  rape-cake  are  well 
known  ;  the  published  analyses  give  it  a  large  proportion  (nearly 
30  per  cent.)  of  albumen  ;  it  is  rich  in  phosphates  and  also  in  oil. 
This  is  of  the  unctuous  class  of  vegetable  oils,  and  it  is  to 
this  property  that  I  call  particular  attention.  Chemistry  will 
assign  to  this  material,  which  has  hitherto  been  comparatively 
neglected  for  feeding,  a  first  place  for  the  purpose  of  which  I  am 
treating.  If  objection  should  occur  on  account  of  its  fla^'our,  I 
have  no  difficulty  in  stating  that  by  the  preparation  I  have 
described  1  have  quite  overcome  this.     I  can  easily  persuade  my 
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cattle  (of  which  60  to  80  pass  through  my  stalls  in  a  year),  with- 
out exception,  to  eat  the  requisite  quantity.  Nor  is  the  flavour  of 
the  cake  in  the  least  perceptible  in  the  milk  or  butter. 

During  May,  my  cows  are  turned  out  on  a  rich  pasture  near  the 
homestead ;  towards  evening  they  are  again  housed  for  the  night, 
when  they  are  supplied  with  a  mess  of  the  steamed  mixture  and 
a  little  hay  each  morning  and  evening.  During  June,  when  the 
grasses  are  better  grown,  mown  grass  is  given  to  them  instead  of 
hay,  and  they  are  also  allowed  two  feeds  of  steamed  mixture. 
This  treatment  is  continued  till  October,  when  they  are  again 
wholly  housed. 

The  results  which  I  now  proceed  to  relate  are  derived  from 
observations  made  with  the  view  of  enabling  me  to  understand 
and  regulate  my  own  proceedings. 

Gain  or  Loss  of  Condition  ascertained  by   Weighing  Cattle 
periodically. 

For  some  years  back  I  have  regularly  weighed  my  feeding  stock, 
a  practice  from  which  I  am  enabled  to  ascertain  their  doings 
with  greater  accuracy  than  I  could  previously.  In  January,  1854, 1 
commenced  weighing  my  milch  cows  ;  it  has  been  shown  by  what 
I  have  premised  that  no  accurate  estimate  can  be  formed  of  the 
effect  of  the  food  on  the  production  of  milk,  without  ascertaining 
its  effect  on  the  condition  of  the  cows.  I  have  continued  the 
practice  once  a  month  almost  without  omission  up  to  this 
date.  The  weighings  take  place  early  in  the  morning,  and 
before  the  cows  are  supplied  with  food  ;  the  weights  are  re- 
gistered, and  the  length  of  time  (15  months)  during  which  I 
have  observed  this  practice  enables  me  to  speak  with  confidence 
of  the  results. 

The  cows  in  full  milk  yielding  12  to  16  quarts  each  per  day 
vary  but  little — some  losing,  others  gaining,  slightly  ;  the  balance 
in  the  month's  weighing  of  this  class  being  rather  to  gain.  It  is 
common  for  a  cow  to  continue  a  3ueld  from  six  to  eight  months 
before  she  gives  below  12  quarts  per  day,  at  which  time  she  has 
usually,  if  not  invariably,  gained  weight 

Tlie  cows  giving  less  than  12  quarts,  and  down  to  5  quarts  per 
day,  are  found  when  free  from  ailment  to  gain  without  exception. 
This  gain,  with  an  average  yield  of  nearly  8  quarts  per  diay,  is 
at  the  rate  of  7  lbs.  to  8  lbs.  per  week  each. 

My  cows  in  calf  I  weigh  only  in  the  incipient  stages,  but  they 
gain  perceptibly  in  condition,  and  consequently  in  value :  they 
are  milked  till  within  four  to  five  weeks  previous  to  calving.  I 
give  the  weights  of  three  of  these,  and  also  of  one  heifer,  which 
calved  in  March,  1855  : — 
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N...  • 

1854. 

1855. 

Gain. 

cwt  qr.   lbs. 

cwt  qr,     lbs. 

lbs. 

1 

Bought  and  weighed    .. 

July. 

10     1     20 

April 

U     3       0 

148 

2 

> »             > »             •• 

>) 

8     2     10 

» > 

10     2       0 

214 

3 

» >            » >             •• 

9  i 

8     2       0 

>  > 

10     0       0 

184 

4 

THeifer,  which  calved  also  1 
\  in  March,  1 855,  weighed  J 

7     0       0 

9     3       0 

300 

»  » 

9  9 

These  observations  extend  over  lengthened  periods  on  the 
same  animals,  of  from  30  to  upwards  of  50  weeks ;  a  cow,  free 
from  calf  and  intended  for  fattening,  continues  to  give  milk  from 
10  months  to  a  year  after  calving,  and  is  then  in  a  forward  state 
of  fatness,  requiring  but  a  few  weeks  to  finish  her  for  sale  to  the 
butchers. 

It  will  thus  appear  that  my  endeavours  to  provide  food  adapted 
to  the  maintenance  and  improvement  of  my  milch  cows  have 
been  attended  with  success. 

On  examining  the  composition  of  the  ordinary  food  which  I 
have  described,  straw,  roots,  and  hay,  it  appears  to  contain  the 
nutritive  properties  which  are  found  adequate  to  the  maintenance 
of  the  animal,  whereas  the  yield  of  milk  has  to  be  provided  for 
by  a  supply  of  extra  food  ;  the  rape-cake,  bran,  and  bean- 
meal  which  I  give  will  supply  the, albumen  for  the  casein;  it 
is  somewhat  deficient  in  oil  for  the  butter,  whilst  it  will  supply 
in  excess  the  phosphate  of  lime  for  a  full  yield  of  milk.  If  I 
take  the  class  of  cows  giving  less  than  12  quarts  per  day,  and 
taking  also  into  account  a  gain  of  flesh,  7  to  9  lbs.  per  week, 
though  I  reduce  the  quantity  of  extra  food  by  giving  less  of  the 
bean-meal,  yet  the  supply  will  be  more  in  proportion  than  with  a 
full  yield  ;  the  surplus  of  nitrogen  and  phosphoric  acid,  or  phos- 
phate of  lime,  will  go  to  enrich  the  manure. 

I  cannot  here  omit  to  remark  on  the  satisfaction  I  derive 
from  the  effects  of  this  treatment  on  the  fertility  of  the  land 
in  my  occupation.  My  rich  pastures  are  not  tending  to  im- 
poverishment, but  to  increased  fertility;  their  improvement  in 
condition  is  apparent.  A  cow  in  full  milk,  giving  16  quarts 
per  day,  of  the  quality  analysed  by  Haidlen,  requires,  beyond  the 
food  necessary  for  her  maintenance,  6  to  8  lbs.  per  day  of  sub- 
stances containing  30  or  25*  per  cent,  of  protein.  A  cow  giving 
on  the  average  8  quarts  per  day,  with  which  she  gains  7  to  9  lbs. 
per  week,  requires  4  to  5  lbs.  per  day  of  substances  rich  in  pro- 
tein beyond  the  food  which  is  necessary  for  her  maintenance. 
Experience  of  fattening  gives  2  lbs.  per  day,  or  14  lbs.  per  week, 
as  what  can  be  attained  on  an  average  and  for  a  length  of  time. 
If  we  consider  ^  lb.  per  day  as  fat,  which  is  not  more  than  pro- 
bable, there  will  be  1^  lb.  for  flesh,  which,  reckoned  as  dry  mate-* 
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rial,  will  be  about  ^  lb. ;  which  is  assimilated  in  increase  of 
fi brine  and  represents  only  li  to  2  lbs.  of  substances  rich  in  pro- 
tein beyond  what  is  required  for  her  maintenance. 

If  we  examine  the  effects  on  the  fertility  of  the  land,  my  milch 
cows,  when  on  rich  pasture,  and  averaging  a  yield  of  nine  quarts 
per  day,  and  reckoning  one  cow  to  each  acre,  will  carry  off  in  20 
weeks  25  lbs.  of  nitrogen,  equal  to  30  of  ammonia.  The  same: 
quantity  of  milk  will  carry  off  7  lbs.  of  phosphate  of  lime  in  20 
weeks  from  each  acre. 

A  fattening  animal  gaining  flesh  at  the  rate  I  have  described 
will  carry  off  about  one-third  of  the  nitrogen  (equal  to  about 
10  lbs.  of  ammonia)  abstracted  by  the  milch  cow,  whilst  if 
full  grown  it  will  restore  the  whole  of  the  phosphate. 

It  is  worthy  of  remark  that  experience  states  that  rich  pastures 
used  for  fattening,  fully  maintain  their  fertility  through  a  long 
series  of  years ;  whilst  those  used  for  dairy  cows  require  periodical 
dressings  to  preserve  their  fertility. 

If  these  computations  be  at  all  accurate,  they  tend  to  show  that 
too  little  attention  has  been  given  to  the  supply  of  substances  rich 
in  nitrogenous  compounds  in  the  food  for  our  milch  cows,  whilst- 
we  have  laid  too  much  stress  on  this  property  in  food  for  fattening 
cattle.  They  tend  also  to  the  inference  that  in  the  effects  on 
the  fertility  of  our  pastures  used  for  dairy  purposes,  we  derive 
advantage  not  only  from  the  phosphate  of  lime,  but  also  from 
the  gelatine  of  bones  used  as  manure. 

On  comparing  the  results  from  my  milch  cows  fed  in  summer  on 
rich  pasture,  and  treated  at  the  same  time  with  the  extra  food  I 
have  described,  with  the  results  when  on  winter  food,  and  whilst 
wholly  housed,  taking  into  account  both  the  yield  of  milk  and  the 
gain  of  weight,  I  find  those  from  stall-feeding  fully  equal  to  those 
from  depasture.  The  cows  which  I  buy  as  strippers,  for  fattening^ 
giving  little  milk,  from  neighbouring  farmers  who  use  ordinary 
food,  such  as  turnips  with  straw  or  hay,  when  they  come  under 
my  treatment,  increase  their  yield  of  milk,  until  after  a  week  or 
two  they  give  two  quarts  per  day  more  than  when  they  came,  and 
that  too  of  a  much  richer  quality. 

Richness  of  Milk  and  Cream, 

I  sometimes  observe  in  the  weekly  publications  which  come 
under  my  notice  accounts  of  cows  giving  large  quantities  of  batter ; 
these  are  usually,  however,  extraordinary  instances,  and  not  accom- 
panied with  other  statistical  information  requisite  to  their  being 
taken  as  a  guide ;  and  it  seldom  happens  that  any  allusion  is  made  to 
the  effects  of  the  food  on  the  condition  of  the  animals,  without  which 
no  accurate  estimate  can  be  arriveil  at.  On  looking  over  several 
treatises  to  which  I  have  access,  1  find  the  following  statistics  on 
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dairy  prodoce : — ^Mr.  Morton, in  his  *  Cyclopaedia  of  Agriculture/ 
|>.  621,  gives  the  results  of  the  practice  of  a  Mr.  Young,  an  exten- 
sive dairy-keeper  in  Scotland.  The  yield  of  milk  per  cow  is  stated 
at  680  gallons  per  year ;  he  obtains  from  16  quarts  of  milk,  20  oz. 
of  butter,  or  for  the  year,  227  lbs.  per  cow ;  from  1  gallon  of  cream 
3  lbs.  of  batter,  or  12  oz.  per  quart.  Mr.  Young  is  described 
as  a  high  feeder ;  linseed  is  his  chief  auxiliary  food  for  milck 
cows.  Professor  Johnston  ('  Elements  of  Agricultural  Chemistry ') 
gives  the  proportion  of  butter  from  milk  at  li  oz.  per  quart, 
or  from  16  quarts  24  oz. ;  being  the  produce  of  four  cows  of  dif- 
ferent breeds — Aldemey,  Devon,  and  Ayrshire — on  pasture,  and 
in  the  height  of  the  summer  season.  On  other  four  cows  of  the 
Ayrshire  breed  he  gives  the  proportion  of  butter  from  16  quarts 
as  16  oz.,  being  1  oz.  per  quart.  These  cows  were  likewise  oa 
pasture.  The  same  author  states  the  yield  of  butter  as  one-fourth 
of  the  weight  of  cream,  or  about  10  oz.  per  quart.  Mr.  Rawlinsoa 
(*  Journal  of  the  Royal  Agricultural  Society,'  vol.  xiii.,  p.  38)  gives 
the  produce  of  20,110  quarts  of  milk  churned  by  hand  as  1109  lbs. 
of  butter,  being  at  the  rate  of  fully  14  oz.  per  16  quarts  of  milk; 
and  from  23,156  quarts  of  milk,  1525  lbs.  of  butter,  being  from 
16  quarts  nearly  16f  oz.  of  butter.  The  same  author  states  that 
the  yield  of  butter  derived  from  five  chumings  of  15  quarts  of 
cream  each  is  somewhat  less  than  8  oz.  per  quart  of  cream.  Dr. 
Muspratt,  in  his  work  on  the  *  Chemistry  of  Arts  and  Manufac- 
tures,' which  is  in  the  course  of  publication,  gives  the  yield  of 
butter  from  a  cow  per  year  in  Holstein  and  Lunenburg  at  100 
lbs.,  in  England  at  160  lbs.  to  180  lbs.  The  average  of  butter 
from  a  cow  in  England  is  stated  to  be  8  oz.  or  9  oz.  per  day, 
which,  on  a  yield  of  8  to  9  quarts,  is  1  oz.  per  quart,  or  for  16 
quarts  16  oz.  The  quantity  of  butter  derived  from  cream  is 
stated  as  one-fourth,  which  is  equal  to  about  9  oz.  per  quart. 
The  richest  cream  of  which  I  find  any  record  is  that  brought  to 
the  Royal  Society's  meeting  during  the  month  of  July,  for  the 
chums  which  compete  for  the  prize.  On  referring  to  the  pro- 
ceedings of  several  meetings,  I  find  that  14  oz.  per  quart  of  cream 
is  accounted  a  good  yield. 

I  have  frequently  tested  the  yield  of  butter  from  a  given 
quantity  of  my  milk.  My  dairy  produce  is  partly  disposed  of 
in  new  milk,  partly  in  butter  and  old  milk,  so  that  it  became  a 
matter  of  business  to  ascertain  by  which  mode  it  gave  the  best 
return.  I  may  here  remark  that  my  dairy  practice  has  been 
throughout  on  high  feeding,  though  it  has  undergone  several 
modifications.  The  mode  ojf  ascertaining  the  average  yield  of 
butter  from  milk  has  been  to  measure  the  milk  on  the  churning 
day  after  the  cream  has  been  skimmed  off,  then  to  measure  the 
cream,  and  having,  by  adding  together  the  two  measurements. 
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ascertained  the  whole  quantity  of  milk  (including  the  cream)  to 
compare  it  with'^hat  of  the  butter  obtained.  This  I  consider  a 
more  accurate  method  than  measuring  the  new  milk,  as  there  is  a 
considerable  escape  of  gas,  and  consequent  subsidence,  whilst  it 
is  cooling.  The  results  have  varied  from  24  to  27J  oz.  from  16 
quarts  of  milk.  I  therefore  assume  in  my  calculation  16  quarts 
of  milk  as  yielding  a  roll  (25  ounces)  of  butter. 

As  I  have  at  times  a  considerable  number  of  cows  bought  as 
strippers,  and  fattened  as  they  are  milked,  which  remain  some- 
times in  my  stalls  eight  or  nine  months,  and  yield  towards  the 
close  but  five  quarts  per  day,  I  am  not  enabled  to  state  with  accu- 
racy and  from  ascertained  data  the  average  yield  per  year  of  my 
cows  kept  for  dairy  purposes  solely.  However,  from  what  occurs 
at  grass-time,  when  the  yield  is  not  increased,  and  also  from  the 
effects  of  my  treatment  on  cows  which  1  buy,  giving  a  small 
quantity,  I  am  fully  persuaded  that  my  treatment  induces  a  good 
yield  of  milk. 

As  the  yield  of  butter  from  a  given  quantity  of  cream  is  not 
of  such  particular  consequence,  I  have  not  given  equal  attention 
to  ascertain  their  relative  proportions.  I  have  a  recollection  of 
having  tested  this  on  a  former  occasion,  when  I  found  14  to 
16  oz.  per  quart,  but  cannot  call  to  mind  under  what  treatment 
this  took  place. 

On  questioning  my  dairy  woman,  in  December,  1854,  as  to  the 
proportion  of  cream  and  butter,  she  reported  nearly  one  roll  of  25 
oz.  of  butter  to  one  quart  of  cream.  I  looked  upon  this  as  a 
mistake.  On  its  accuracy  being  persisted  in,  the  next  churning^ 
was  carefully  observed,  with  a  like  proportion.  My  dairy  cows 
averaged  then  a  low  range  of  milk  as  to  quantity — about  eight 
quarts  each  per  day.  Six  of  them,  in  a  forward  state  of  fatness, 
were  intended  to  be  dried  for  finishing  off  in  January  ;  but,  owing 
to  the  scarcity  and  consequent  dearness  of  calving  cows,  I  kept 
them  on  in  milk  till  I  could  purchase  cows  to  replace  them,  and 
it  was  not  till  February  that  I  had  an  opportunity  of  doing  so.  I 
then  bought  four  cows  within  a  few  days  of  calving :  they  were 
but  in  inferior  condition,  and  yielded  largely  of  milk.  Towards 
the  close  of  February  and  March,  four  of  my  own  dairy  cows,  in 
full  condition,  likewise  calved.  During  March,  three  of  the  six 
which  had  continued  from  December,  and  were  milked  nearly  up  to 
the  day  of  sale,  were  selected  by  the  butcher  as  fit  for  his  purpose. 
Each  churning  throughout  was  carefully  observed,  with  a  similar 
result,  varying  but  little  from  25  oz.  of  butter  per  quart  of  cream; 
on  Monday,  April  30, 16  quarts  of  cream  having  yielded  16  rolls 
{of  25  oz.  each)  of  butter.  Though  I  use  artificial  means  of 
raising  the  temperature  of  my  dairy,  by  the  application  of  hot 
water  during  cold  weather,  yet,  my  service-pipes  being  frozen  in 
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February,  I  was  unable  to  keep  up  the  temperature,  and  it  fell 
to  45 \  Still  my  cream,  though  slightly  affected,  was  peculiarly 
rich,  yielding  22  oz.  of  butter  per  quart.  Throughout  April  the 
pi-oduce  of  milk  from  my  15  dairy  cows  averaged  full  160  quarts 
per  day. 

My  cows  are  bought  in  the  neighbouring  markets  with 
a  view  to  their  usefulness  and  profitableness.  The  breeds  of 
this  district  have  a  considerable  admixture  of  the  short-horn, 
which  is  not  noted  for  the  richness  of  its  milk.  It  will  be  re- 
marked that  during  the  time  these  observations  have  been  con- 
tinued on  the  proportion  of  butter  from  cream,  more  than  one- 
half  of  my  cows  have  been  changed. 

Having  satisfied  myself  that  the  peculiar  richness  of  my 
cream  was  due  mainly  to  the  treatment  of  my  cows,  which  I  have 
sought  to  describe,  it  occurred  to  me  that  I  ought  not  to  keep  it 
to  myself;  inasmuch  as  these  results  of  my  dairy  practice  not 
only  afforded  matter  of  interest  to  the  farmer,  but  were  fit 
subjects  for  the  investigation  of  the  physiologist  and  the  chemist. 
Though  my  pretensions  to  acquirements  in  their  instructions  are 
but  slender,  they  are  such  as  enable  me  to  acknowledge  benefit 
in  seeking  to  regulate  my  proceeding^ by  their  rules. 

In  taking  off  the  cream  I  use  an  ordinary  shallow  skimmer 
of  tir\  perforated  with  holes,  through  which  any  milk  gathered 
in  skimming  escapes.  It  requires  care  to  clear  the  cream ; 
and  even  with  this  some  streakiness  is  observable  on  the 
surface  of  the  skimmed  milk.  The  milk  bowls  are  of  glazed 
brown  earthenware,  common  in  this  district ;  they  stand  on  a 
base  of  6  to  8  inches,  and  expand  at  the  surface  to  nearly  twice 
that  width.  Four  to  five  quarts  are  contained  in  each  bowl,  the 
depth  being  4  to  5  inches  at  the  centre.  The  churn  I  use  is  a 
small  wooden  one,  worked  by  hand,  on  what  I  believe  to  be  the 
American  principle.  I  obtained  it  from  Messrs.  Dray  and  Co. 
I  have  forwarded  to  Professor  Way  a  small  sample  of  butter  for 
analysis  ;  15  quarts  of  cream  were  taken  out  of  the  cream  jar, 
and  churned  at  three  times  in  equal  portions — 


The  first  five  quarts  of  cream  gave 

..   127  oz.  of  butter. 

The  second  five        „             „ 

..   125 

The  third  five           „            „ 

..   120i 

372i 

=  to  24f  oz.  per  quart. 

At  a  subsequent  churning  of  14  quarts  of  cream — 

Tlie  first  seven  gave  7  rolls,  or 175  oz.  of  butter. 

The  second  seven  gave  7  rolls  2  oz.,  or       ..   177  „ 

352 

=  to  25}  oz.  per  quart. 
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Oh  testing  the  comparative  yield  of  butter  and  of  butter-milk, 
1  find  70  per  cent,  of  butter  to  30  per  cent,  of  butter-milk, 
thus  reversing  the  proportions  given  in  the  publications  to  which 
J  have  referred.  An  analysis  of  my  butter  by  Professor  Way 
gives — 

Pure  fat  or  oil    i ..     82-70 

Casein  or  curd 2*45 

Water  with  a  little  salt U-85 

Total  ..      100-00 

The  only  analyses  of  this  material  which  I  find  in  the  publi- 
cations in  my  hand  are  two  by  Professor  Way,  *  Journal,'  vol.  xi. 
p.  735,  "  On  butter  by  the  common,  and  by  the  Devonshire 
method  j  *'  the  result  in  100  parts  being — 

Kaw.  S<ialded. 

Pure  butter 79-72  79-12 

Casein,  &o ..       3-38  3*37 

Water 1690  17-61 

Total 100-00  100-00 

The  foregoing  observation  of  dairy  results  was  continued  up 
to  grass  time  in  1855.  In  April  and  May  the  use  of  artificial 
means  was  discontinued  without  diminution  in  the  yield  of  butter 
or  richness  of  cream,  the  natural  temperature  being  sufficient  to 
maintain  that  of  my  dairy  at  54°  to  56*^. 

I  now  proceed  to  describe  the  appearances  since  that  time. 
In  the  summer  season,  whilst  my  cows  were  grazing  in  the 
open  pastures  during  the  day  and  housed  during  the  night, 
being  supplied  with  a  limited  quantity  of  the  steamed  food 
each  morning  and  evening,  a  marked  change  occurred  in  the 
quality  of  the  milk  and  cream  ;  the  quantity  of  the  latter  some- 
what increased,  but  instead  of  25  oz^  of  butter  per  quart  of  cream, 
my  summer  cream  yielded  only  16  oz.  per  quart. 

I  would  not  be  understood  to  attribute  this  variation  in  quality 
to  the  change  of  food  only ;  it  is  commonly  observed  by  dairy- 
keepers  that  milk  during  the  warm  months  of  summer  is  less  rich 
in  butter,  owing  probably  to  the  greater  restlessness  of  the  cows, 
from  being  teased  by  flies,  &c.  I  am  by  no  means  sure  that,  if 
turning  out  during  the  warm  months  be  at  all  advisable,  it  would 
not  be  preferable  that  this  should  take  place  during  the  night 
instead  of  during  the  day  time.  Towards  the  close  of  September, 
when  the  temperature  had  become  much  cooler  and  the  cows  were 
supplied  with  a  much  larger  quantity  of  the  steamed  food,  results 
appeared  very  similar  to  those  which  1  had  observed  and  described 
from  December  to  May,  1855.  During  the  month  of  November 
the  quality  was  tested  with  the  following  result. 
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.  From  252  qts.  of  old  milk  were  taken  21  qts.  of  cream,  of 
which  20  were  churned,  and  produced  468  oz.  of  butter,  which 
shows  : — 

27*50  oz.  of  bntter  for  16  qts.  of  new  milk. 

23*40  oz.  „  each  qt.  of  cream. 

During  Maj,  1856,  my  cows  being  on  open  pasture  during  the 
day  were  supplied  with  two  full  feeds  of  the  steamed  mixture, 
together  with  a  supply  of  green  rape-plant  each  morning  and 
evening. 

The  result  was  that  from  324  qts.  of  old  milk  23  qts.  of  cream 
were  skimmed,  of  wliich  22  were  churned  and  produced  515  oz. 
of  butter,  which  shows  : — 

24      oz.  of  butter  from  16  qts.  of  new  milk. 
22*41  oz.  „  each  qt.  of  cream. 

My  food  during  the  winter  season  1855-56  has  slightly  varied 
from  that  of  1854-55.  In  October  a  respectable  maltster  in  this 
village,  who  keeps  dairy  cows,  asked  me  to  purchase  malt  combs, 
of  which  he  had  a  surplus.  Having  learnt  from  him  on  inquiry  that 
from  the  use  of  them  he  obtained  a  larger  yield  of  milk,  without 
detriment  to  the  condition  of  his  cows.  I  was  led  to  think 
that  they  contained  a  considerable  per  centage  of  albuminous 
matter.  I  took  some  on  trial  and  forwarded  a  sample  for  analysis, 
which  I  supply,  together  with  one  of  bran : — 


Malt  Combs. 


Moisture 

Oil         •.      ..      .. 
Albuminous  matter 
Starch,  sugar,  &c. 
Woody  fibre 
Mineral  matter     . . 


J.  T.  Way. 


3-21 

2-96 

23-87 

45-94 

18-80 

5-22 

100-00 


Bran. 


Moisture 

Oil         

Albuminous  matter 

Ash*      

Other  constituents 


Anderson. 


12-85 
5-56 

13-HO 
6-11 

61-68 


100-00 


*  The  ash  contains  50  per  cent,  phosphoric  acid. 


I  have  used  malt  combs,  together  with  bran,  half  and  half, 
during  the  present  season.  Having  a  larger  stock  than  the  year 
before,  with  about  an  equal  quantity  of  hay  and  less. of  roots, 
I  reduced  the  allowance  of  the  former  from  12  lbs.  to  9  lbs., 
and  that  of  mangel  from  36  lbs.  to  28  lbs.  per  day.  I  gave 
also  1  lb.  of  rapecake  additional  to  each,  6  lbs.  in  lieu  of  5  lbs. 
On  this  fare,  and  with  such  changes  of  cows  as  were  called  for, 
my  yield  of  milk,  of  which  a  register  is  kept,  ranged  during  the 
months  of  October,  November,  December,  and  January,  at  160 
to  164  quarts  per  day  from  18  cows,  being  fully  9  quarts  per 
day  from  each  cow.  Their  improvement  in  condition  will  appear 
from  the  following  table :  — 
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•    stall  A. 
1855. 

1.  Oct.  9, 

2.  Oct.  9, 

3.  Oct.  9, 

4.  Dec.  3, 

5.  Jan.  1, 

6.  Oct.  9, 

7.  Oct.  9, 


Weight, 
cwt  qr.  lbs. 
10     3     0 


9 
10 
10 
10 
9 
9 


1856. 

Jan.  29 


Weight, 

cutt.  qr.  lbs.  Iba. 

113    0  Gajn  in  16  weeks  112 

3    0  


9 
11 
10 
10 
9 
9 


0     OC 
0  12 
0  16C 
3     0 
3  20C 


8 
4 
16 
16 


84 
12 
16 
84 
48 


Per  Week. 

lbs. 

7 

»» 

6i 

4 

3 


Stall  B. 
1855. 

1.  Oct. 

2.  „ 

3.  „ 

4.  „ 

5.  „ 
6. 

7.  Jan. 

8.  Oct. 

9.  Dec. 
10.  Oct. 
H.  „ 


Weight, 
cwt.  qr.  Iba. 


9, 


11 
11 

10 
9 

11 
9 

10 

11 
8 
9 


1856. 
Jan.  29, 


Weight, 
cwt  qr.  lbs. 
12     2  20 

1 

2 

2 

0 

3 

3 

1 

2 

1 

3 


Per 


12 

9 

12 

10 

11 

9 

11 

11 

9 

10 


0 

0 

0 

8C 

0 

0 

0 

OC 
16  C 
16 


lbs. 
Gain  in  16  weeks  IGO 
»»      »»      »>      11* 
Newly  calved. 


AV'eck. 
lbs. 

8i 


4 

16 

8 

16 

16 


64 
84 
28 

112 
28 
56 

128 


14 
4 
5i 


8 


The  COWS,  No.  2  and  No.  7,  stall  A,  calved  in  September. 
Soon  after  calving  each  yielded  20  quarts  per  day.  On  their 
first  weighing,  No.  2  weighed  9  cwt.  3  qrs. ;  No.  7,  9  cwt.  2  qrs. 
At  the  next,  No.  2  had  lost  28  lbs. ;  No.  7  had  exactly  maintained 
its  weight.  On  this  being  discovered,  the  attendant  was  ordered 
to  give  No.  2  a  litde  bean-meal  in  addition.  At  the  expiration 
of  16  weeks  No.  2  gave  16  quarts.  No.  7,  12  quarts  per  day  ;  their 
respective  weights  were — No.  2,  9  cwt.  3  qrs.,  having  regained  her 
weight,  and  No.  7,  9  cwt.  3  qrs.  20  lbs.  having  gained  4ylbs. 
Eight  weeks  later,  with  a  reduced  yield  of  milk.  No.  2  weighed 
10  cwt.,  having  gained  28  lbs. ;  No.  7,  104  lbs.  from  the  time  of 
calving.  No.  2  was  free  from  calf;  No.  7  in  the  incipient 
stage  of  calf;  five  others,  also  marked  C,  were  in  like  state  of 
incipient  calf. 

No.  4,  stall  B,  which  shows  the  greatest  gain,  was  far 
advanced  in  calf,  giving  but  little  milk. 

Nos.  1,  2,  7,  8,  and  11,  in  stall  B,  which  had  gained  re- 
spectively 8:i  lbs.,  7  lbs.,  7  lbs.,  7  lbs.,  8  lbs.  per  week,  were  in 
course  of  fattening.  1  do  not  keep  a  separate  account  of  the  yield 
of  each  cow  :  the  average  yield  of  this  class  during  the  16  weeks 
will  have  been  about  8  quarts  per  day  each ;  those  gaining  at  a 
less  rate  per  week — Nos.  4,  5,  &c.  in  stall  A,  and  9,  10,  &c.  in 
stall  B — may  be  reckoned  as  giving  a  greater  yield  of  milk. 

In  February  and  March,  1856,  four  cows  which  had  calved  at 
the  like  period  of  1855,  were  sold  as  fat  for  19/.  \hs,  each ;  at  the 
same  time,  in  1856,  I  bought  cows  of  equal  quality  and  capability, 
dry,  or  givina:  a  small  quantity  of  milk  under  ordinary  treatment, 
at   11/.  to  13/.  each,   to   fatten  which  will  require  six  months. 
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My  cows  thus  fatted  have  the  repute  of  killing  well,  and  I  am 
enabled  to  obtain  the  top  price  of  the  day ;  of  the  four  sold  in 
February  and  March,  the  purchasers  have  supplied  me  with  the 
weights  of  loose  fat. 

Mr.  Lupton,  Burlcy,    150  lbs.  loose  fat,  live  weight  14  cwt. 
Mr.  Wilson,  Bradford,  152    „        „  „  12    „    2  qr. 

>•  »         ■*-"^   >»        i>  »>  J-1    »     1  >i 

It  Will  be  observed  that  No.  2  stall  A,  with  an  average  yield 
of  milk  of  18  quarts  per  day,  maintained  her  weight  during 
16  weeks;  whilst  No.  7,  with  an  average  yield  of  16  quarts  per 
day,  gained  48  lbs.  in  the  like  time.  Taking  Haidlen's  analysis 
as  a  basis  for  calculation,  the  cow  No.  2  will  have  given  off  in 
casein  2^  lbs.  per  day,  equal  to  15^  lbs.  per  week,  which  repre- 
sents the  albumen  of  9  lbs.  per  day,  or  63  lbs.  per  week,  of  feeding 
substances  containing  25  per  cent,  of  this  matter.  The  bulky  food 
I  have  described,  straw,  roots,  and  hay,  with  rape-cake  6  lbs.,  malt 
combs  1  lb.,  bran  1  lb.,  and  bean-meal  2  lbs. — have  sufficed  for 
this,  and  have  also  maintained  the  weight  or  condition  of  the  cow. 

The  six  cows,  giving  8  quarts  of  milk  per  day  during  16  weeks, 
will  have  given  off  per  day  1  lb.  of  dry  casein,  equal  to  7  lbs.  per 
week,  and  may  have  assimilated  in  dry  fibrine  1  lb.,  equal  to 
4^  lbs.  of  flesh ;  these  together  represent  5  lbs.  per  day,  or  35  lbs. 
per  week,  of  food  containing  25  per  cent,  of  albumen.  As  this 
class  of  animals  have  been  supplied  with  7  to  8  lbs.  per  day  of 
such  substances,  it  will  be  obvious  that  their  excrement  has  been 
richer  in  nitrogen  than  that  of  No.  2. 

If  we  allow  a  gain  of  weight  of  16  lbs.  per  week,  which  is  more 
than  can  be  attained  on  the  average  by  fattening,  and  reckon  12 
of  this  as  flesh  or  lean  beef,  equal  to  2'70  per  week,  or  '39  per 
day,  of  dry  fibrine,  it  will  represent  1*56  lbs.  per  day,  or  10*92  lbs. 
per  week  for  what  is  assimilated  in  the  fattening  process  beyond 
what  is  adequate  for  maintenance. 

I  adduce  these  calculations  in  corroboration  of  my  proposition 
that  food  rich  in  albumen  has  a  more  especial  value  for  the  pro- 
duction of  milk  than  for  fattening  or  beef-making. 

There  is  doubtless  some  standard  of  food  adapted  to  the  consti- 
tution and  purposes  of  animals,  combining  with  bulk  a  due  pro- 
portion of  elements  of  respiration,  such  as  sugar,  starch,  &c., 
together  with  those  of  nutrition,  viz.,  nitrogenous  compounds, 
phosphates,  and  other  minerals ;  nor  can  we  omit  oil  or  fat-forming 
substance^ ;  for  however  we  may  be  disposed  to  leave  to  philo- 
sophy the  discussion  as  to  whether  sugar,  starch,  &c,  are  con- 
vertible into  fat,  yet  I  think  I  shall  not  offend  the  teacher  of 
Agricultural  Chemistry  by  stating  that  the  more  closely  the 
elements  of  food  resemble  those  in  the  animal  and  its  product^ 
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the  more  efficacious  will  such  food  foe  for  the  particular  puipose 
for  which  it  is  used. 

Sugar,  starch,  &c.,  vary  very  considerably  in  form  and  propor- 
tion from  vegetable  oils,  which  closely  resemble  animal  fats. 

When  we  consider  that  plants  have  a  two-fold  function  to  per- 
form, viz.  to  serve  as  food  for  animals  and  also  for  the  reproduc- 
tion of  the  like  plants,  and  that  after  having  undergone  the 
process  of  digestion  they  retain  only  one-half  or  one-third  of 
their  value  as  manure,  the  importance  of  aflFording  a  due  but  not 
excessive  supply  of  each  element  of  food  essential  to  the  wants 
and  purposes  of  the  animal  will  be  evident.  If  we  fall  short,  the 
result  will  be  imperfect ;  if  we  supply  in  excess,  it  will  entail 
waste  and  loss. 

Linseed^  and  rape  cake  resemble  each  other  very  closely  in 
chemical  composi^on ;  the  latter  is  chiefly  used  for  manure,  and 
its  price  ranges  usually  about  half  that  of  linseed  cake.  In  sub- 
stances poorer  in  nitrogen  and  with  more  of  starch,  gum,  oil,  &c., 
the  disparity  in  value  as  food  and  as  manure  will  be  proportion- 
ately greater. 

During  the  present  season  Mr.  Mendelssohn,  of  Berlin,  and 
Mr.  Gausange,  who  is  tenant  of  a  large  royal  domain  near  Frank- 
fort on  the  Oder,  on  which  he  keeps  about  150  dairy  cows,  have 
been  my  visitors.  These  gentlemen  have  collected  statistics  in 
dairy  countries  through  which  they  have  travelled.  I  learnt  from 
them  that  in  Mecklenburg,  Prussia,  Holland,  &c.,  14  quarts  of 
milk  yield,  on  the  average,  1  lb.  of  butter;  in  rare  instances 
12  quarts  are  found  to  yield  1  lb.  Both  attach  great  importance 
to  the  regulation  of  the  temperature.  Mr.  Mendelssohn  tells  me 
that  the  milk  from  cows  fed  on  draff  (distiller's  refuse)  requires  a 
higher  temperature  to  induce  its  yield  of  butter  than  that  from 
cows  supplied  with  other  food. 

On  inquiry  in  my  own  neighbourhood,  I  find  it  is  computed 
that  each  quart  at  a  milking  represents  1  lb.  of  butter  per  week. 
Thus  a  cow  which  gives  4  quarts  at  each  milking  will  yield  in 
butter  4  lbs.  per  week,  or  from  56  quarts  64  oz.  of  butter,  or  from 
14  quarts  of  milk  1  lb.  of  butter.  Taking  the  winter  produce 
alone,  it  is  lower  than  this ;  the  cream  from  my  neighbours'  cows, 
who  use  common  food,  hay,  straw,  and  oats,  somewhat  resembles^ 
milk  in  consistency,  and  requires  three  to  four  hours,  sometimes 
more,  in  churning.  On  one  occasion  a  neighbouring  dairy  woman 
sent  to  borrow  my  churn,  being  unable  to  make  butter  with  her 
own ;  I  did  not  inquire  the  result  If  she  had  sent  her  cow,  I 
could  in  the  course  of  a  week  have  insured  her  cream  which 
would  make  butter  in  half  an  hour.  These  dairy  people  usually 
chum  during  winter  in  their  kitchen,  or  other  room  with  a  fire. 
Each  of  them  states  that  from  bean  or  oat  meal  used  during  winter 
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as  an  auxiliary  food,  they  derive  a  greater  quantity  of  butter^ 
whilst  those  who  have  tried  linseed-oil  have  perceived  no  benefit 
from  it. 

My  own  cream  during  the  winter  season  is  of  the  consistency 
of  paste  or  thick  treacle.  When  the  jar  is  full,  a  rod  of 
2  feet  long  will,  when  dipped  into  the  cream  to  half  its  length, 
stand  erect.  If  I  take  out  a  teacup-full  in  the  evening  and  let  it 
stand  till  next  morning,  a  penny  piece  laid  on  its  surface  will 
not  sink ;  on  taking  it  off  I  find  the  underside  partially  spotted 
with  cream.  The  churnings  are  performed  in  a  room  without 
fire,  at  a  temperature  in  winter  of  43°  to  45°,  and  occupy  one- 
halif  to  three-quarters  of  an  hour. 

Several  who  have  adopted  my  system  have  reported  similar 
effects — an  increase  in  the  quantity  with  a  complete  change  as  to 
richness  of  quality.  I  select  from  these  Mr.  John  Simpson,  a 
tenant  farmer  residing  at  Ripley,  in  Yorkshire,  who  at  my  request 
stated  to  the  Committee  of  the  Wharf  dale  Agricultural  Society 
that  he  and  a  neighbour  of  his,  being  inconvenienced  from  a  defi- 
cient yield  of  milk,  had  agreed  to  try  my  mode  of  feeding,  and 
provided  themselves  with  a  steaming  apparatus.  This  change  of 
treatment  took  place  in  February,  1855.     I  quote  his  words : — 

"  In  about  five  days  I  noticed  a  great  change  in  my  milk,  the  cows  yielded 
2  quarts  each  per  day  more,  but  what  surprised  me  most  was  the  change  in 
the  quality ;  instead  of  poor  winter  cream  and  butter,  they  assumed  the 
appearance  and  character  of  rich  summer  produce,  it  only  required  20 
minutes  for  churning,  instead  of  two  to  three  hours ;  there  was  also  a  con- 
siderable increase  in  the  quantity  of  butter,  of  which,  however,  I  did  not  take 
any  particular  notice.  My  neighbour's  cow  gave  3  quarts  per  day  in  addition, 
and  her  milk  was  so  changed  in  appearance  that  the  consumers  to  whom  he. 
sold  it  became  quite  anxious  to  know  the  cause." 

My  dairy  is  but  6  feet  wide  by  15  long,  and  12  high  ;  at  one 
end  (to  the  north)  is  a  trellis  window,  at  the  other  an  inner  door 
which  opens  into  the  kitchen.  There  is  another  door  near  to 
this  which  opens  into  the  chuming-room,  having  also  a  northern 
aspect ;  both  doors  are  near  the  south  end  of  the  dairy.  Along 
each  side,  and  the  north  end,  two  shelves  of  wood  are  fixed  to  the 
wall,  the  one  15  inches  above  the  other ;  2  feet  higher  is  another 
shelf,  somewhat  narrower  but  of  like  length,  which  is  covered 
with  charcoal,  whose  properties  as  a  deodoriser  are  sufficiently 
established.  The  lower  shelves  being  2  feet  3  inches  wide,  the 
interval  or  passage  between  is  only  1  foot  6  inches.  On  each 
tier  of  shelves  is  a  shallow  wooden  cistern  lined  with  thin  sheet- 
lead,  having  a  rim  at  the  edges  3  inches  high.  These  cisterns 
incline  downwards  slightly  towards  the  window,  and  contain 
water  to  the  depth  of  3  inches.  At  the  end  nearest  the  kitchen 
each  tier  of  cisterns  is  supplied  with  two  taps,  one  for  cold 
Water  in  summer,  the  other  with  hot  for  winter  use.     At  the  end 
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next  the  north  window  is  a  plug  or  hollow  tube,  with  holes  per- 
forated at  such  an  elevation  as  to  take  the  water  before  it  flows 
over  the  cistern. 

During  the  summer  the  door  towards  the  kitchen  is  closed, 
and  an  additional  door  is  fixed  against  it,  with  an  interval 
between  well  packed  with  straw ;  a  curtain  of  stout  calico 
hangs  before  the  trellis  window,  which  is  dipped  in  salt-water, 
and  kept  wet  during  the  whole  day  by  cold  water  spurted  over 
it  from  a  gutta-percha  tube.  On  the  milk  being  brought  in  it  is 
emptied  into  bowls.  Some  time  after  these  bowls  (of  which  a  de- 
scription is  given  in  a  former  part  of  this)  have  been  placed  on  the 
cistern,  the  cold-water  taps  are  turned  till  the  water  rises  through 
the  perforated  tube,  and  flows  through  a  waste  pipe  into  the  sewer. 
The  taps  are  then  closed,  so  as  to  allow  a  slight  trickling  of  water, 
which  continues  through  the  day.  By  these  means  I  reduce  the 
temperature,  as  compared  with  that  outside  the  window,  by  20°. 
I  am  thus  enabled  to  allow  the  milk  to  stand  till  the  cream  has 
risen,  and  keep  the  skimmed  milk  sweet,  for  which  I  obtain 
Id.  per  quart. 

Having  heard  complaints  during  very  hot  weather. of  skimmed 
milk,  which  had  left  my  dairy  perfectly  sweet,  being  affected 
so  as  to  curdle  in  cooking  on  being  carried  into  the  village, 
I  caused  covers  of  thick  calico  (the  best  of  our  fabrics  for 
retaining  moisture)  to  be  made ;  these  are  dipped  in  salt- 
water and  then  drawn  over  the  whole  of  the  tin  milk  cans: 
the  contrivance  is  quite  successful,  and  is  in  great  favour  with 
the  consumers.  I  have  not  heard  a  single  complaint  since  I 
adopted  it. 

Finding  my  butter  rather  soft  in  hrtt  weather  I  uncovered 
a  draw-well,  which  I  had  not  used  since  I  introduced  water- 
works for  the  supply  of  the  village  and  my  own  premises.  On 
lowering  a  thermometer  down  the  well  to  a  depth  of  28  feet, 
I  found  it  indicated  a  temperature  of  43^ — that  on  the  surface 
being  70°.  I  first  let  down  the  butter,  which  was  somewhat 
improved,  but  afterwards  the  cream  ;  for  this  purpose  I  procured 
a  moveable  windlass,  with  a  rope  of  the  required  length ;  the 
cream-jar  is  placed  in  a  basket  2  feet  4  inches  deep,  suspended 
on  the  rope,  and  let  down  the  evening  previous  to  churning.  It  is 
drawn  up  early  next  morning  and  immediately  churned ;  by  this 
means  the  churning  occupies  about  the  same  time  as  in  winter, 
and  the  butter  is  of  like  consistency. 

The  advantage  I  derive  from  this  is  such  that,  rather  than  be 
without  it,  I  should  prefer  sinking  a  well  for  the  purpose  of 
reaching  a  like  temperature. 

When  winter  approaches,  the  open  trellis  window  to  the  north 
is  closed,  an  additional  shutter  being  fixed  outside,  and  the  inter- 
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val  between  this  and  an  Inner  shutter  closely  packed  with 
straw  to  prevent  the  access  of  air  and  cold;  the  door  to  the 
kitchen  is  at  the  same  time  unclosed  to  admit  warmth.  Before 
the  milk  is  brought  from  the  cowhouse  the  dairymaid  washes  the 
bowls  well  with  hot  water,  the  effect  of  which  is  to  take  off  the 
chill  but  not  to  warm  them ;  the  milk  is  brought  in  as  milked, 
and  is  passed  through  a  sile  into  the  bowls,  which  are  then  placed 
on  the  cistern.  A  thermometer,  with  its  bulb  immersed  in  the 
milk,  denotes  a  temperature  of  about  90°.  The  hot  water  is 
applied  immediately  at  a  temperature  of  100^  or  upwards,, 
and  continues  to  flow  for  about  five  minutes,  when  the  supply  is 
exhausted.  The  bowls  being  of  thick  earthenware — a  slow  con- 
ductor— this  does  not  heighten  the  temperature  of  the  milk. 
The  cooling,  however,  is  thereby  retarded,  as  I  find  the  milk, 
after  standing  four  hours,  maintains  a  temperature  of  60^.  This 
application  of  hot  water  is  renewed  at  each  milking  to  the  new 
milk,  but  not  repeated  to  the  same  after  it  has  cooled.  The  tem- 
perature of  the  dairy  is  momentarily  increased  to  above  60^,  but 
speedily  subsides,  the  average  temperature  being  52^  to  56**. 

It  will  be  observed  that  the  chumings  in  summer  and  winter 
occupy  half  an  hour  or  upwards ;  by  increasing  the  temperature 
of  the  cream  I  could  easily  chum  in  half  the  time,  but  I  should 
thereby  injure  the  quality  of  the  butter.  When  the  butter  has 
come,  and  gathered  into  a  mass,  it  is  taken,  together  with  the 
buttermilk,  out  of  the  chum,  which  is  rinced  with  water ;  the 
butter  is  then  placed  again  in  the  chum,  with  a  quantity  of  cold 
spring  water  in  which  salt  has  been  dissolved,  at  the  rate  of  1  oz. 
per  quart  of  cream  ;  after  a  few  minutes'  churning,  the  butter  is 
again  taken  out ;  the  water  in  which  it  has  been  washed  assumes 
a  whitish  appearance,  fey  this  process  the  salt  is  equally  dif«^ 
fused  through  the  butter,  which  requires  little  manipulation,  and 
is  freed  from  a  portion  of  caseous  matter.  A  recent  analysis  of 
my  butter  shows  only  1'07  instead  of  2*45  percent,  of  casein,  as 
before ;  that  it  ranks  as  choice  may  be  inferred,  when  I  state 
that  my  purchaser  willingly  gives  me  Irf.  per  roll  more  than  the 
highest  price  in  Otley  market,  and  complains  that  I  do  not  supply 
him  with  a  greater  quantity. 

In  this  dairy,  of  the  small  dimensions  I  have  described,  my 
produce  of  butter  reaches  at  times  60  to  70  lbs.  per  week.  Though 
the  size  may  appear  inconveniently  small,  yet  I  beg  to  remark  on 
the  greater  facility  of  regulating  the  temperature  of  a  small  in 
comparison  with  a  large  dairy.  This  diflSculty  will  be  found 
greater  in  summer  than  in  winter,  as  it  is  far  easier  to  heighten 
than  depress  the  temperature. 

I  have  cooked  or  steamed  my  food  for  several  years.  It  will 
be  observed  that  I  blend  bean-straw,  bran  and  malt  combs,  as 
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flavouring  materials,  with  oat  or  other  straw  and  rape-cake :  the 
effect  of  steaming  is  to  volatilise  the  essential  oils,  in  which 
the  flavour  resides,  and  diffuse  them  through  the  mess.  The 
odour  arising  from  it  resembles  that  observed  from  the  process 
of  malting:  this  imparts  relish  to  the  mess,  and  induces  the 
cattle  to  eat  it  greedily  ;  in  addition  to  which  I  am  disposed  to 
think  that  it  renders  the  food  more  easy  of  digestion  and  assimi- 
lation. I  use  this  process  with  advantage  for  fattening,  when  I 
am  deficient  in  roots.  With  the  same  mixed  straw  and  oat- 
shells,  3  to  4  lbs.  each  of  rape-cake,  and  ^  lb.  of  linseed  oil,  but 
without  roots,  I  have  fattened  more  than  30  heifers  and  cows 
free  from  milk,  from  March  up  to  the  early  part  of  May  ;  their 
gain  has  averaged  fully  14  lbs.  each  per  week — a  result  I  could 
not  have  looked  for  from  the  same  materials  if  uncooked ;  this 
process  seems  to  have  the  effect  of  r^idering  linseed  oil  less  of  a 
laxative,  but  cannot  drive  off  any  portion  of  the  fattening  oils,  to 
volatilise  which  requires  a  very  high  temperature.  My  experi- 
ence of  the  benefits  of  steaming  is  such,  that  if  I  were  deprived 
of  it  I  could  not  continue  to  feed  with  satisfaction. 

I  have  weighed  my  fattening  cattle  for  a  number  of  years,  and 
my  milch  cows  for  more  than  two  years ;  this  practice  enables 
me  at  once  to  detect  any  deficiency  in  the  performance  of  the 
animals  ;  it  gives  also  a  stimulus  to  the  feeders,  who  attend  at  the 
weighings,  and  who  are  desirous  that  the  cattle  entrusted  to  their 
care  should  bear  a  comparison  with  their  rivals.  Another  ob- 
vious advantage  is  in  avoiding  all  cavils  respecting  the  weight  by 
my  purchasers,  who,  having  satisfied  themselves  as  to  the  quality 
of  the  animal,  now  ask  and  obtain  the  most  recent  weighing. 
The  usual  computation  for  a  well-fed,  but  not  over  fat  beast,  is, 
live  to  dead  weight  as  21  to  12,  or  100  to  59  l-7th,  with  such 
modifications  as  suggest  themselves  by  appearances. 

Though  many  discussions  have  taken  place  on  the  fattening  of 
cattle,  the  not  less  important  branch  of  dairy  treatment  has 
hitherto  been  comparatively  neglected.  I  therefore  venture  to 
call  attention  to  considerations  which  have  arisen  from  observa- 
tions in  my  own  practice,  affecting  the  chemistry  and  phy- 
siology, or,  in  other  words,  the  science  of  feeding.  That  1  am 
seeking  aid  from  its  guidance  will  be  apparent,  and  I  have  no 
hesitation  in  admitting,  that  beyond  the  satisfaction  from  the 
better  understanding  of  my  business,  I  have  latterly  derived  more 
benefit  or  profit  from  examination  of  the  chemical  composition  of 
materials  of  food  than  from  the  treatment  or  feeding  experiments  of 
others  which  have  come  under  my  notice.  So  persusided  am  I  of 
the  advantage  of  this,  that  I  do  not  feel  satisfied  to  continue  the  use 
of  any  material,  with  the  composition  of  which  I  am  not  acquainted, 
without  resorting  to  the  Society's  Laboratory  for  an  analysis. 
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To  one  leading  feature  of  my  practice  I  attach  the  yreatest  im- 
portance— the  maintenance  of  the  condition  of  my  cows,  giving  a 
large  yield  of  milk.  I  am  enabled,  by  the  addition  of  bean- 
meal  in  proportion  to  the  greater  yield  of  milk,  to  avert  the  loss 
of  condition  in  those  giving  16  to  18  quarts  per  day  ;  whilst 
on  those  giving  a  less  yield  and  in  health,  I  invariably  effect 
an  improvement.  Nos.  2  and  7,  in  stall  A,  may  be  regarded  as 
ordinary  results  from  my  treatment. 

When  we  take  into  consideration  the  disposition  of  a  cow  to 
apply  her  food  rather  to  her  milk  than  to  her  maintenance  and 
improvement,  it  seems  fair  to  infer  that  the  milk  of  a  cow  gaining 
flesh  will  not  be  deficient  either  in  casein  or  butter. 

I  have  already  alluded  to  the  efficiency  of  bean-meal  in  in- 
creasing the  quantity  of  butter ;  I  learn  also,  from  observant  dairy- 
men who  milk  their  owii  cows  and  carry  their  butter  to  market,  that 
their  baskets  are  never  so  well  filled  as  when  their  cows  feed  on 
green  clover,  which,  as  dry  material,  is  nearly  as  rich  in  albumen 
as  beans  ;  I  am  also  told,  by  those  who  have  used  green  rape 
plant,  that  it  produces  milk  rich  in  butter.  From  this  we  may  infer 
that  albuminous  matter  is  the  most  essential  element  in  the  food 
of  the  milch-cow,  and  that  any  deficiency  in  the  supply  of  this 
will  be  attended  with  loss  of  condition,  and  a  consequent  diminu- 
tion in  the  quality  of  her  milk. 

I  am  clearly  of  opinion  that  you  can  increase  the  proportion 
of  butter  in  milk  more  than  that  of  casein,  or  other  solid  parts. 
Prom  several,  who  have  adopted  my  treatment,  I  learn  that  on 
substituting  rape-cake  for  beans  they  perceive  an  increased  rich- 
ness in  their  milk.  Mr.  T.  Garnett,  of  Clitheroe,  who  has  used 
bean-meal  largely  as  an  auxiliary  food  for  milch-cows  during  the 
winter  season,  tells  me  that  when  rape-cake  is  substituted,  his 
dairymaid,  without  being  informed,  perceives  the  change  from 
the  increased  richness  of  the  milk.  Mr.  Garnett  has  al-so  used 
linseed-cake  in  like  quantity,  still  his  dairy  people  prefer  rape- 
cake. 

Mr.  Whelon,  of  Lancaster,  who  keeps  two  milch  cows  for  his 
own  use,  to  which  he  gave  bean-meal  and  bran  as  auxiliaries, 
has  recently  substituted  rape-cake  for  bean-meal ;  he  informs  me 
that  in  a  week  he  perceived  a  change  in  the  richness  of  the  milk, 
with  an  increase  of  butter. 

The  vegetable  oils  are  of  two  distinct  classes  :  the  drying  or 
setting  represented  by  linseed,  the  unctuous  represented  by 
rape-oil.  They  consist  of  two  proximate  elements,  margerine 
and  olein  ;  in  all  probability  they  will  vary  in  their  proportion 
of  these,  but  in  what  degree  I  have  not  been  able  to  ascertain. 
Though  the  agricultural  chemists  make  no  distinction,  as  far  as 
I  am  aware,  between  these  two  classes  of  oils,  the  practitioners 
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in  medicine  use  them  for  distinct  purposes.  Cod-liver  oil  has  been 
long  used  for  pulmonary  complaints  ;  latterly,  olive,  almond,  and 
rape-oils  are  being  employed  as  substitutes.  These  are  all  of 
the  unctuous  class  of  oils.  Mr.  Rhind,  the  intelligent  medical 
practitioner  of  this  village,  called  my  attention  to  some  experi- 
ments by  Dr.  Leared,  published  in  the  *'  Medical  Times,'  July 
21st,  1855,  with  olein  alone,  freed  from  margerine,  which 
showed  marked  superiority  in  the  eflfect ;  and  I  now  learn  from 
Mr.  Rhind  that  he  is  at  present  using  with  success  the  pure 
olein,  prepared  by  Messrs.  Price  and  Co.  from  cocoa-nut  oil, 
one  of  the  unctuous  class.  That  linseed,  and  others  of  the  drying- 
oils,  are  used  in  medicine  for  a  very  different  purpose,  it  seems 
unnecessary  to  state. 

The  olein  of  oil  is  known  to  be  more  easy  of  consumption  and 
more  available  for  respiration  than  margerine — a  property  to 
lyhich  its  use  in  medicine  may  be  attributable.*  If  we  examine 
the  animal  fats,  tallow,  suet,  and  other  fat,  they  are  almost  wholly 
of  the  solid  class,  stearine  or  margerine,  closely  resembling  or 
identical  with  the  margerine  in  plants ;  whilst  buttier  is  composed 
of  olein  and  margerine,  combining  both  the  proximate  elements 
found  in  vegetable  oils. 

It  seems  worthy  of  remark  that  a  cow  can  yield  a  far  greater 
weight  of  butter  than  she  can  store  up  in  solid  fat ;  numerous 
instances  occur  where  a  cow  gives  off  2  lbs.  of  butter  per  day,  or 
14  lbs.  per  week,  whilst  half  that  quantity  will  probably  rarely 
be  laid  on  in  fat.  If  you  allow  a  cow  to  gain  16  lbs.  per  week, 
and  reckon  7  for  fat,  there  will  only  remain  9  lbs.  for  flesh,  or, 
deducting  the  moisture,  scarcely  3  lbs.  (2*97)  per  week,  equal  to 
*42,  or  less  than  half  a  pound  per  day,  of  dry  fibrine. 

The  analyses  of  butter  show  a  very  varying  proportion  of 
olein  and  margerine  fats :  summer  butfer  usually  contains  of 
olein  60,  and  margerine  40  per  cent,  whilst  in  winter  butter 
these  proportions  are  reversed,  being  40  of  olein  to  60  of  mar- 
gerine. By  ordinary  treatment  the  quantity  of  butter  during 
winter  is  markedly  inferior;  the  common  materials  for  dairy- 
cows  in  winter  are  straw  with  turnips  or  mangel,  hay  alone,  or 
hay  with  mangel.  If  we  examine  these  materials,  we  find  them 
deficient  in  oil,  or  in  starch,  sugar,  &c.  If  a  cow  consume  2 
stones  or  28  lbs.  of  hay  a  day,  which  is  probably  more  than  she 
can  be  induced  to  eat  on  an  average,  it  will  be  equal  in  dry 
material  to  more  than  100  lbs.  of  young  grass,  which  will  also 
satisfy  a  cow.  That  100  lbs.  of  young  grass  will  yield  more 
butter  will  scarcely  admit  of  a  doubt.  The  28  lbs.  of  hay  will 
be  equal  in  albuminous  matter  and  in  oil  to  the  100  lbs.  of  grass, 

♦  See  *  Lehman's  Physiological  Chemistry.' 
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but  in  the  element  of  starch,  sugar,  &c.,  there  is  a  marked  differ- 
ence. During  the  growth  of  the  plant,  the  starch  and  sugar  are 
eonverted  into  woody  fibre,  in  which  form  thej  are  scarcely 
digestible  or  available  for  respiration.  It  seems,  then,  not  im- 
probable that,  when  a  cow  is  supplied  with  haj  only,  she  will 
consume  some  portion  of  the  olein  oil  for  respiration,  and  yield  a 
less  quantity  of  butter  poorer  in  olein. 

If  you  assume  summer  butter  to  contain  of  olein        • 
,>  „;  ofmargerine 

If  the  cow  consume  of  tbe  olein 

The  quantity  of  butter  will  be  reduced  from  100  to 

And  the  proportions  will  then  be,  of  olein         ..      ., 

of  margerine 

100 

If  you  supply  turnips  or  mangel  with  hay,  the  cow  will  con- 
sume less  of  hay ;  you  thereby  substitute  a  material  richer  in 
sugar,  &c.,  and  poorer  in  oil.  Each  of  these  materials  in  the 
quantity  a  cow  can  consume  is  deficient  in  the  supply  of  albumen 
necessary  to  keep  up  the  condition  of  an  animal  giving  a  full 
yield  of  milk.  To  effect  this  recourse  must  be  had  to  artificial 
or  concentrated  substances  of  food,  rich  in  albuminous  matter. 

It  can  scarcely  be  expected,  nor  is  it  desirable  that  practical 
farmers  should  apply  themselves  to  the  attainment  of  proficiency 
in  the  art  of  chemical  investigations ;  this  is  more  properly  the 
occupation  of  the  professor  of  science.  The  following  simple 
experiment,  however,  seems  worth  mentioning.  On  several 
occasions,  during  winter,  I  procured  samples  of  butter  from  my 
next  neighbour ;  on  placing  these,  with  a  like  quantity  of  my 
own,  in  juxtaposition  before  the  fire,  my  butter  melted  with  far 
greater  rapidity — by  no  means  an  unsafe  test  of  a  greater  pro» 
portion  of  olein. 

The  chemical  investigation  of  our  natural  and  other  grasses 
has  hitherto  scarcely  had  the  attention  which  it  deserves.  The 
most  valuable  information  on  this  subject  is  in  the  paper  by 
Professor  Way  on  the  nutritive  and  fattening  properties  of  the 
grasses  in  Vol.  XIV.,  p.  171,  of  the  Royal  Agricultural  Society's 
Journal.  These  grasses  were  nearly  all  analyzed  at  the  flowering 
time,  a  stage  at  which  no  occupier  of  grass-land  would  expect  so 
favourable  a  result  in  fattening.  We  much  prefer  pastures  with 
young  grass  not  more  than  a  few  inches  high,  sufficient  to  afford 
a  good  bite.  With  a  view  to  satisfy  myself  as  to  the  difference 
of  composition  of  the  like  grasses  at  different  stages  of  growth,  I 
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sent  to  Professor  Way  a  specimen  of  the  first  crop  of  hay,  cut  in 
the  end  of  June,  wh^i  the  grass  was  in  the  early  stage  of  flowering, 
and  one  of  aftermath,  cut,  towards  the  close  of  September,  from 
the  same  meadow,  the  analyses  of  which  I  give : — 


Hay,  First  Crop, 

Aftermath  Hay, 

Moisture        

12-02 

Moisture       

11-87 

Albuminous  matter     . . 

'9-24 

Oil  and  fatty  matter    .. 

6-84 

Oil  and  fatty  matter     ..      .. 

2-68 

Albuminous  matter     .. 

9-84 

Starch,  gum,  sugar 

39-75 

Starch,  gum,  sugar 

42-25 

Woody  fibre         

27-41 

Woody  fibre         

19-77 

Mineral  Matter     

8-90 

Mineral  matter     

9-43 

100-00 


100-00 


A  comparison  between  these  will  show  a  much  greater  per- 
centage of  woody  fibre,  27*41  in  the  first  crop  to  19*77  in  the 
aftermath.  The  most  remarkable  difference,  however,  is  in  the 
proportion  of  oil,  being  2*68  in  the  first  crop  to  6*84  in  the  after- 
math. 

On  inquiry  from  an  observant  tenant  of  a  small  dairy-farm 
of  mine,  who  has  frequently  used  aftermath  hay,  I  learn  that, 
as  compared  with  the  first  crop,  he  finds  it  induce  a  greater 
yield  of  milk^  but  attended  with  some  impoverishmwit  in  the 
condition  of  the  cow,  and  that  he  uses  it  without  addition  of 
turnips  or  other  roots,  which  he  gives  when  using  hay  of  the  first 
crop — an  answer  quite  in  accordance  with  what  might  be  ex- 
pected from  its  chemical  composition. 

It  is  likewise  to  be  presumed  that  the  quickness  of  growth  will 
materially  affect  the  composition  of  grasses,  as  well  as  of  other 
vegetables.  Your  gardener  will  tell  you  that  if  radishes  are  slow 
in  growth  they  will  be  tough  and  woody,  that  asparagus  melts  in 
eating  like  butter,  and  salad  is  crisp  when  grown  quickly.  The 
same  effect  will,  I  apprehend,  be  found  in  grasses  of  slow  growth  : 
they  will  contain  more  of  woody  fibre,  with  less  of  starch  or  sugar. 
The  quality  of  butter  grown  on  poor  pastures  is  characterised  by 
greater  solidity  than  on  rich-feeding  pastures,  the  cows  having  to 
travel  over  more  space  require  a  greater  supply  of  the  elements 
of  respiration,  whilst  the  grasses  grown  on  these  poor  pastures 
contain,  in  all  probability,  less  of  these  in  a  digestible  form 
available  for  respiration.  The  like  result  seems  probable  as  from 
common  winter  treatment — a  produce  of  butter  less  in  quantity, 
and  containing  a  greater  proportion  of  margerine,  and  a  less  of 
olein. 

It  is  well  known  that  pastures  vary  greatly  in  their  butter- 
producing  properties ;  there  is,  however,  as  far  as  I  am  aware, 
no  satisfactory  explanation  of  this.  If  you  watch  cows  on  de- 
pasture, you  observe  them  select  their  own  food ;  if  you  supply 
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cows  in  stall  alike  with  food,  thej  will  also  select  for  themselves. 
I  give  rape-cake  as  a  mixture  to  all,  and  induce  them  to  eat  the 
requisite  quantity  ;  yet  some  will  select  the  rape-cake  first,  and 
eat  it  up  clean,  whilst  others  rather  neglect  it  till  towards  the 
close  of  their  meal,  and  then  leave  pieces  in  the  trough.  Two 
Aldemeys — the  only  cows  of  the  kind  I  have  as  yet  had — whose 
butter-producing  qualities  are  well  known,  are  particularly  fond 
of  rape-cake,  and  never  leave  a  morsel ;  may  not  these  animals 
be  prompted  by  their  instinct  to  select  such  food  as  is  best  suited 
to  their  wants  and  propensities  ?  If  so,  it  seems  of  the  greatest 
importance  that  the  dairyman  should  be  informed  of  the  pro- 
perties of  food  most  suitable  for  his  purpose,  especially  whilst  in 
a  stall,  where  they  have  little  opportunity  of  selecting. 

It  appears  worth  the  attention  of  our  Society  to  make  in- 
quiries as  to  the  localities  which  are  known  as  producing  milk 
peculiarly  rich  in  butter.  When  travelling  in  Germany  I  well 
recollect  being  treated  with  peculiarly  rich  milk,  cream,  and 
butter  on  my  tour  between  Dresden  and  Toplitz,  at  the  station 
or  resting-place,  on  the  chaussee  or  turnpike- road,  before  you 
descend  a  very  steep  incline  to  the  yalley  in  which  Toplitz  is 
situated.  I  travelled  this  way  after  an  interval  of  several  years, 
when  the  same  treat  was  again  offered.  It  was  given  as  a  rarity, 
and  can  only  be  accounted  for  by  the  peculiar  adaptation  of 
the  herbage  of  the  country  for  the  production  of  butter. 

Burley  Hall,  Yorkshire,  May,  \%b^ 

P.S.  June  1th,  1856. — Having  had  occasion  to  visit  London 
I  called  upon  J.  F.  Wilson,  director  of  Messrs.  Price's  manufac- 
tory at  Belmont.  In  addition  to  other  interesting  information  in 
regard  to  the  properties  of  fats,  Mr.  Wilson  kindly  supplied  me 
with  a  Treatise  on  Oils,  by  Jules  de  Fontenelle  a  Paris,  from 
which  I  supply  the  following  particulars: — 

Reaumur.      Olein.    Stearine. 
Olive-oil  congeals  (solidifies)  at  a  temperature  of  -|-  2     =     72  .     28 
Rape-oil  „  „  -  6     =     54        46     . 

Linseed-oil  „  „  -22      No  analysis. 

Olive-oil  is  by  far  the  richest  in  olein,  which  accounts  for  its 
extended  use  in  cooking,  more  especially  on  the  continent,  where 
it  is  a  principal  ingredient  in  culinary  preparations. 

The  analysis  of  rape-oil  corresponds  precisely  in  its  propor- 
tion of  olein  and  margerine  with  that  of  butter  of  fair  quality. 

Jules  de  Fontenelle  very  properly  observes  that  an  analysis  of 
each  of  the  vegetable  oils  could  not  fail  to  be  of  the  greatest 
interest. 

I  may  add  that  we  agriculturists  have  a  claim  on  our  professors 
of  chemistry  to  give  their  attention  to  like  investigations. 
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X. — On  same  points  in  Agricultural  Chemistry.    By 
Justus  von  Liebig. 

In  the  years  1840  and  1842  I  expressed  the  opinion  that  the 
natural  sources  of  the  nitrogen  necessary  to  plants  are  not  suffi- 
cient for  the  requirements  of  agriculture.  But  a  series  of 
ohservations,  as  well  as  continued  reflection  on  the  subject,  con- 
vinced me  that  this  opinion  could  not  be  maintained. 

As  my  work  on  Agricultural  Chemistry  contains  only  a  very 
small  part  of  the  experience  and  of  the  facts  on  which  my  con- 
clusions are  founded,  I  propose  in  the  following  pages  to  enter 
more  minutely  into  some  of  these  details ;  and  I  entertain  the 
hope  that  every  reader  will  acquire  the  conviction  that  the  con- 
siderations which  induced  me,  in  1843  (when  the  3rd  edition  of 
my  'Chemistry,  in  its  application  to  Agriculture  and  Phy- 
siology '  appeared),  to  give  up  the  views  above  alluded  to,  which 
I  had  previously  entertained,  are  simple  and  incontrovertible. 

From  a  given  surface  of  land  we  reap,  in  different  cultivated 
crops,  according  to  the  analyses  which  have  been  made,  very 
unequal  quantities  of  nitrogen.  If  we  assume  that  the  amount 
of  nitrogen,  reaped  from  an  acre  of  land  in  the  form  of  grain  and 
straw,  is,  in  the  case  of  rye,  represented  by  100  parts  by  weight, 
then  the  same  surface,  one  acre,  yields  of  nitrogen— 

In  Oats  .. 114  parts. 

Barleiy       116  „ 

Wheat       118  „ 

Meadow  hay     ..      ..  121  „ 

Rape 212  „ 

Peas 243  „ 

Beans        270  „ 

Clover       390  „ 

Turnips 470  „ 

The§e  numbers  prove  incontestably  that  peas,  beans,  and  the 
other  fodder  or  green  crops,  yield  more  nitrogen  than  the  grain 
crops.  Meadow  hay  yields  about  as  much  as  gi'ain,  or  a  little  more ; 
but  peas,  beans,  and  clover,  supply  twice  as  much  nitrogen  as 
wheat.  These  crops — peas,  beans,  and  clover — ^yield  this  in- 
creased amount  of  nitrogen,  withotU  the  use  of  nitrogenised  manure. 
Nay,  the  produce  of  nitrogen  can  be  even  augmented  still  further : 
in  clover  by  the  use  of  ashes  and  of  gypsum ;  in  turnips  by  the 
addition  of  superphosphate  of  lime. 

The  source  from  which  these  crops  obtain  the  nitrogen  they 
contain  can  be  no  other  than  the  atmosphere. 

In  practical  cultivation,  it  is  to  grain  fields  that  nitrogenised 
manures  are  especially  given.  It  is  plain  that  the  necessity  for 
supplying  nitrogen  to  grain  crops,  such  as  wheat  for  instance, 
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cannot  be  explained  by  supposing  the  natural  sources  of  nitrogen 
to  be  incapable  of  supplying  to  these  plants  enough  of  nitrogen  for 
a  full  crop,  because  the  cultivation  of  green  crops  proves  that 
these  natural  sources  can  supply  from  twice  to  four  times  as 
mach  nitrogen  as  is  required  for  a  full  crop  of  wheat.  We  must 
seek  elsewhere,  in  other  relations,  for  the  true  reason  of  this 
necessity. 

The  views  on  this  subject,  to  which  I  was  led  in  1843,  were 
not  a  little  fortified  when,  in  1846,  by  means  of  the  analyses  of 
twenty-two  soils  which  I  caused  to  be  made  in  my  laboratory  in 
Giessen  by  Dr.  Kroker,  now  Professor  in  Breslau,  I  acquired  the 
conviction  that  one  acre  of  the  most  unfruitful  soil,  taken  to  the 
depth  of  only  10  inches,  contains  more  than  a  hundred  times,  and 
one  acre  of  fertile  soil  as  much  as  from  five  hundred  to  a  thousand 
times,  more  nitrogen  than  is  required  for  the  heaviest  crop  of 
wheat,  or  than  is  given  to  it  in  the  most  liberal  supply  of  manure. 
(See  my  *  Agricultural  Chemistry,'  4th  edition,  p.  275.) 

The  fact  of  the  presence  of  this  enormous  amount  of  nitrogen 
in  the  soil  has  been  confirmed  by  the  researches  made  at  the 
instance  of  the  Royal  College  of  Rural  Economy  in  Berlin  (*  An- 
nalen  der  Landwirthschaft,'  vol.  xiv.  p.  2).  The  College  of 
Rural  Economy  caused  land  of  apparently  uniform  quality  to  be 
selected  in  fourteen  different  localities  in  Prussia  for  these  experi- 
ments. At  ten  or  twelve  different  points  of  each  of  these  fields 
an  equal  quantity  of  earth  was  taken  by  the  spade  from  the  entire 
depth  of  the  arable  soil ;  these  portions,  m  each  case,  were 
thoroughly  mixed,  and  from  the  mass  samples  were  taken. 

In  each  sample  the  amount  of  nitrogen  was  determined  by 
three  different  chemists  separately^  and  from  their  results  have  been 
calculated  for  one  acre  of  land,  to  the  depth  of  one  foot  (the 
specific  gravity  of  the  soil  being  taken  at  1'5),  the  following 
quantities  of  nitrogen,  expressed  however  in  pounds  of  ammonia 
(17  lbs.  of  ammonia  contain  14  lbs.  of  nitrogen) : — 

Ko.  Locality.  Lbs.  of  Ammonia. 

1.  Soil  from  HavixlKjc 18,040 

2.  „  Burgwegeleben  ..      ..  17,220 

3.  „  Turgaitschcn      ..      ..  14,350 

4.  „       Wallup      13,120 

6.  „       Beesdau      7,790 

6.  „  Turwe  7,380 

7.  „  Dalheim  6,970 

8.  „  Laasom  5,740 

9.  „  Eldena  5,330 

10.  „  Burgbornhcim    ..      ..  5,330 

11.  „  Neuenmund       ..      ..  4,510 

12.  „  Frankenfeld       ..      ..  4,100 

13.  „       Neuhof       4,920 

14.  „       Cartlon       2,870 
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To  these  determinations  may  be  added  tlie  analysis  of  the 
Russian  black  earth  (tschemo-sem),  in  the  government  of  Orel, 
for  which  we  are  indebted  to  M.  E.  Schmid  (*  Petersburger 
Academisches  Bulletin,'  yoI.  viii.  p.  161). 

Schmid  examined  three  samples  of  virgin  soil,  on  which  no 
crop  had  ever  been  cultivated,  and  a  sample  of  unmanured  arable 
land.  (The  density,  or  specific  gravity  of  these  soils,  was  found 
to  be  from  2*1  to  2*2  ;  but,  on  account  of  the  porosity  of  soils,  I 
have  not  thought  it  necessary  to  estimate  it  higher  than  1*5.) 
From  Schmid's  results  it  appears  that  one  acre,  to  the  depth  of 
one  foot,  of  these  four  samples  contains  the  following  quantities 
of  ammonia : — 

Na  Russian  Black  Earth.  Lbs.  Ammonia. 

1.  Upper  Stratum 49,200 

2.  Four  werschock  deeper    ..      ..     22,140 

3.  Subsoil      20,000 

4.  Unmanured  arable  land  ..      ..     23,780 

In  regard  to  the  amount  of  ammonia,  the  following  soils  in 
Munich,  which  I  have  analysed  with  i  view  to  this  subject, 
approach  very  nearly  to  the  Russian  black  earth : — 

Ko.  Soils  in  Munich.  Lbs.  Ammonia. 

1.  From  the  garden  of  my  house         ..      ..      ..     22,960 

2.  Fi'om  the  neighbouring  Botanic  Grarden         ..     21,730 

3.  From  a  wood  in  the  vicinity 20,910 

Lastly,  by  the  kindness  of  M.  Schlossberger,  in  Havannah,  I 
have  obtained  six  different  samples  of  soils  from  the  island  of 
Cuba,  in  which  tobacco  is  grown  (the  crop  which  is  richest  in 
nitrogen),  and  which  have  never  been  manured.  These  soils 
contain,  in  one  acre  of  soil,  to  the  depth  of  12  inches — 

No.  Lbs.  Ammonia. 

1 9,020 

2 ..  12,300 

3 1,640 

4 9,344 

5 14,350 

6.       10,260 

The  source  of  all  this  nitrogen  is  easily  pointed  put.  In  my 
work  (pp.  57,  96,  115,  &c.)  I  have  shown  that  clay,  alumina,  and 
peroxide  of  iron,  all  of  which  are  present  in  the  most  fertile 
soils,  possess  a  most  remarkable  power  of  absorbing  ammonia 
from  the  air,  and  that  all  fertile  soils  contain  a  certain  amount  of 
ammonia  derived  from  the  atmosphere. 

It  is  easy  to  form  an  idea  of  the  quantity  of  ammonia  which 
the  soil  can  take  up  from  this  source  if  we  remember  the  ex- 
periments of  Thomas  Way,  who  found  ('  Journal  of  the  Royal 
Agricultural  Society,'  vol.  xiii.  p.  126)  that  1(X),000  parts,  by 
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weight,  of  a  thin  soil  from  Dorsetshire,  absorbed  and  retained  in 
a  very  fixed  and  permanent  form  of  combination,  on  an  average  of 
four  experiments,  348  parts,  by  weight,  of  ammonia^  and  that  the 
same  weight  of  a  light  red  soil  from  Berkshire  absorbed  157 
parts  ;  the  same  weight  of  a  stiff  white  clay  282  parts,  by  weight, 
of  ammonia. 

If  we  now  calculate  how  much  ammonia  one  acre  of  each  of 
these  soils  can  take  up  to  the  depth  of  12  inches,  in  addition  to 
that  already  contained  in  it  from  long  exposure  to  the  air,  taking 
the  specific  gravity  at  1*5,  we  find  that — 

Lbs.  Ammonia. 
One  acre  of  the  thin  land  of  Dorsetshire  can  take  up  ..   20,880 

„  light  red  soil,  Berkshire.      9,420 

„  stiff  white  clay      ..      .'.      17,040 

These  numbers  express,  not  how  much  ammonia  the  soils 
contain,  but  how  much  they  are  still  capable  of  absorbing  from 
the  air  and  from  the  rain,  in  addition  to  what  was  already  present. 
They  express  the  power  of  absorption  of  these  soils  for  am- 
monia ;  and  this  can  even  be  increased  by  ploughing  or  digging 
and  by  draining,  which  allow  an  easier  access  to  the  air  and  to 
the  rain. 

The  fact  that  the  soil  contains  enormous  quantities  of  ammonia, 
derived  from  the  atmosphere,  was  thus  known  with  certainty. 
But  the  discovery  that  the  soil  can  remove  from  rain-water  the 
ammoii^a  dissolved  in  it,  belongs  to  Thomas  Way.*  I  regard  this 
as  a  very  important  discovery,  which  satisfactorily  explains  the 
gradual  accumulations  of  large  quantities  of  ammonia  in  culti- 
vated soils. 

I  have  ascertained  by  a  series  of  experiments  ('  Annalen  des 
Chemie  and  Pharmacie,'  vol.  94),  that  the  very  calcareous  soil 
near  Munich  possesses,  in  an  equal  degree  with  clay  soils  or  clay, 
the  power  of  removing  ammonia  from  water.  This  calcareous^ 
soil  contains,  I  may  state  here,  invariably  nitrates,  which  are 
almost  entirely  absent  from  clay  soils.  Even  the  calcareous  soil 
of  Cuba,  on  which  tobacco  is  grown  and  which  has  never  been 
manured,  contains  large  quantities  of  nitric  acid. 

If  my  conclusions  of  1843  be  considered  along  with  the  deter- 
minations of  the  amount  of  ammonia  in  arable  soil,  which  I  caused 
to  be  made  in  1 846,  it  is  easy  to  see  how  I  felt  myself  compelled 

*  This  fa^t  was  first  ascertained  by  me  in  the  coarse  of  some  experiments  under- 
taken for  the  express  purpose  of  ascertaining  the  comparative  loss  of  ammonia 
sustained  by  the  washing  of  rain  after  manuring  soils  with  different  salts  of  am- 
monia, especially  the  carbonate  and  sulphate.  The  analyses  were  performed  by 
that  veiT  accurate  chemist  Mr.  Spence  of  York,  and  showed  unmistakeably  the 
great  affinity  of  almost  any  cultivated  soil  for  ammonia.  These  experiments  were 
made  more  than  two  years  before  the  commencement  of  Mr.  Way's  investigation. 
A  brief  account  of  them  is  given  in  this  Journal,  vol.  xi.  p.  68. — H.  S.  T. 
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to  relinquisH  the  views  I  entertained  at  a  period  previous  to  1843. 
These  analyses  of  soils,  as  well  as  those  made  in  Prussia,  in 
Russia,  and,  at  a  still  later  period,  again  by  myself,  prove  in  the 
most  incontestable  manner  that  the  fundamental  proposition  of 
Messrs.  Lawes  and  Gilbert,  namely,  "  that  the  quxintities  of  nitrogen 
which  are  supplied  to  plants  by  tfie  natural  sources  of  tJuit  element 
do  not  suffice  for  the  requirements  of  a  full  crop  of  wheats*  has  no 
foundation  whatever.  These  natural  sources  supply  the  wheat 
plant  with  a  hundred  times,  nay  often  a  thousand  times^  more 
nitrogen  than  it  requires  for  the  fullest  development. 

It  follows  inevitably  that  all  the  conclusions  which  these  gen- 
tlemen have  established  on  this  fundamental  proposition  are 
erroneous,  and  cannot  be  maintained. 

It  follows  further  that  all  the  experience  and  all  the  facts  which 
they  endeavoured  to  refute,  by  means  of  this  fundamental  propo- 
sition, and  which  they  believed  themselves  to  have  refuted,  have 
not  been  refuted,  and  must,  in  the  mean  time,  be  maintained. 

In  my  book  I  have  expressed  the  opinion  that  the  soil  of  a 
country  cannot,  by  means  of  cultivation,  be  exhausted  of  nitrogen, 
because  nitrogen  is  not  a  true  constituent  of  the  soil,  but  a  con- 
stituent of  the  atmosphere.  It  is  only  lent  to  the  soil ;  atid  what 
the  soil  loses  in  nitrogen  at  one  point  is  restored  to  it  by  the  air, 
which  is  everywhere :  consequently  the  exhaustion  or  loss  of  fer- 
tility of  our  fields  cannot  depend  on  a  deficiency  of  nitrogen. 

I  have  been  led  to  this  opinion  by  the  consideration  of  the  cul- 
tivation of  entire  countries  or  districts  (such  as  the  Valley  of  the 
Nile,  Switzerland,  Holland);  and  the  same  considerations,  if 
applied  to  things  nearer  home,  will  probably  convey  to  all  who 
attend  to  them  a  full  conviction  of  the  truth  of  the  opinion  to 
which  I  have  referred. 

From  the  daily  consumption  of  food  Messrs.  Lawes  and  Gilbert 
calculate  that  the  2i  millions  of  inhabitants  of  London  ('  Journal 
of  the  Society  of  Arts,'  vol.  iii.  p.  272)  annually  consume  upwards 
of  25i  millions  of  pounds  of  nitrogen ;  and  the  composition  of 
their  solid  and  liquid  excreta  proves  that  in  these  last  upwards  of 
17  millions  of  pounds  of  nitrogen,  chiefly  in  the  form  of  ammonia, 
are  conveyed  to  the  sea,  while  the  greater  part  of  the  remainder 
returns  to  the  atmosphere.  This  estimate  is  rather  under  than 
over  the  truth.  In  Liverpool,  Newcastle,  Bristol,  Dublin,  Glas- 
gow, and  all  the  large  and  small  towns  of  Great  Britain,  the  state 
of  matters  is  precisely  the  same. 

If  it  were  possible  for  a  man  to  rise  to  such  a  height  as  to 
survey  at  one  glance  the  entire  British  Isles,  this  man,  if  the  am- 
monia were  visible,  would  perceive  that  a  mighty  stream  or  current 
of  nitrogen  flows  daily  from  the  land  to  the  sea  and  the  atmos- 
phere, amounting  in  a  year  to  2  million  of  cwts. ;  that  what  is 
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added  to  the  land  in  the  forms  of  manure  from  cattle,  com,  and 
guano  (I  assume  annually  100,000  tons  of  guano,  with  an  average 
of  4*5  per  cent  of  nitrogen),  does  not  make  up  one-third  part  of 
this  loss ;  and  that  the  loss  increases  annually  with  the  increase 
of  population.  Previous  to  1840  our  supposed  observer  would 
have  seen,  to  his  amazement,  that  Great  Britain  only  received,  to 
make  up  for  the  constant  loss  of  nitrogen,  a  still  smaller  fraction 
of  th^  lost  nitrogen,  and  that,  in  spite  of  this,  the  fertility  and 
productiveness  of  the  English  soil  no^  only  was  not  diminished, 
hat  has  uniformly  increased  for  centuries  past;  nay,  that  the 
supply  of  nitrogenised  manure  in  the  dung-heaps  of  English 
farmers  has  been  augmented. 

All  the  nitrogen  of  plants  and  of  animals  is  derived  from  the 
air.  Every  fireplace  where  coals  are  burned,  the  numerous  fur- 
naces and  chimneys  of  the  manufacturing  towns  and  districts,  of 
locomotive  engines  and  steam-ships,  all  the  smelting  furnaces  of 
the  iron-works — all  these  are  so  many  forms  of  distillatory  appa- 
ratus which  enrich  the  atmosphere  with  thfe  nitrogenised  food  of 
a  vegetable  world  belonging  to  a  period  long  past.  We  can  form 
some  idea  of  the  quantities  of  ammonia  thus  poured  into  the  atmos- 
phere if  we  consider  that  in  numerous  gas-works  many  tons  of 
ammoniacal  salts  are  annually  obtained  from  the  coals  distilled 
for  gas. 

In  other  words,  if  all  the  nitrogen  or  all  the  ammonia  which 
Great  Britain  sends  into  the  sea  and  the  air  from  her  towns  and 
fields,  and  which  is  thus  lost  to  her,  had  been  exported,  not  as 
ammonia,  but  in  the  forms  of  cattle  and  com,  in  her  ships,  for 
centuries  past,  she  would  not  be  poorer  in  nitrogen  by  a  single 
pound  than  she  now  is.  No  doubt  she  might  have  been  richer 
in  nitrogen  had  this  loss  not  taken  place ;  but  she  could  not 
have  been  poorer  than  she  now  is,  because,  in  consequence  of  the 
cultivation  of  her  soil,  the  nitrogen  lost  by  the  land  in  the  forms 
of  cattle  and  com  is  restored  to  it  by  the  atmosphere,  which  is 
everywhere,  and  conveys  its  benefits  to  every  spot — which  leatves 
the  place  where  it  has  yielded  nitrogen  to  the  soil  for  another 
where  it  is  again  supplied  with  that  substance. 

But  if  the  soil  of  a  country  cannot  lose  its  fertility  by  the  loss 
of  ammonia,  the  question  remains,  whether  its  fertility  can  be 
increased  by  the  addition  of  ammonia  alone  f  that  is,  whether  the 
soil  by  this  means  can  acquire  the  power  of  producing,  in  a 
series  of  years,  say  in  fifty  years,  more  com  and  more  cattle  than 
it  would  have  produced  in  the  same  period  without  this  addition  ? 

The  answer  to  this  question  is  obvious,  if  we  inquire  on  what 
the  fertility  of  our  soily  on  what  its  augmented  producey  and  on 
what  the  continuance  of  this  augmentation  of  produce  depend.     But ' 
before  I  enter  more  minutely  into  tbese  questions,  I  must  beg 
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penniflsion.to  premise  some  historical  notices,  in  order  to  define 
accurately  the  point  of  view  from  which  my  book  was-  written. 

^^  It  must  be  remembered  (see  2nd  edition,  p.  viL)  that  the 
uliject  of  the  author  was^  not  to  write  a  system  of  agricultural 
chemistry,  but  to  furnish  a  treatise  on  the  chemistry  of  agri^ 
culture:?'  In  all  the  subsequent  editions  the  book  has  retained 
this,  character ;:  the  distinction^  aboire  pointed  out  is  self-evident. 

A  system  of  agricultural  chemistry  contains  the  theory  and  its* 
application^  to  practical  agriculture;  in  my  book,  on  the  con^ 
tniry,  the  object  of  which  was  chemistry  in  its  application  to 
agricnlture,  the  principles  of  chemistry  are  laid  down,  and  the 
chemical  conditions  of  cultivation,  with  the  chemical  processes 
or  changes  concerned,  are  explained  and  developed.  A  system 
o£  agricultural  chemistry  can  only  be  written  by  a  practical 
agriculturist,  who  know&  the  universal  experience  of  agricul- 
turists. Such  a  work  must  contain  the  rules  for  the  preparation 
of  the  soil,  for  the  manuring  of  the  different  crops,  as  of  wheat, 
or  of  turnips,  with  their  succession  ;  but  the  chemistry  of  agricul- 
ture endeavours  to  harmonize  the  experience  of  farmers  with 
natural  laws,  or  with  known  and  established  truths.  '^  The  pur* 
pose  of  this  work  is  to  elucidate  the  chemical  processes  concerned 
in  the  nutrition  of  vegetables."  (p.  3.) 

Compared  with  a  system  of  agricultural  chemistry,  my  book- 
appears  a  work  altogether  deficient  in  arrangement  and  full  of 
the  strangest  contradictions :  while  on  one  page  the  advantage 
derived  from  ammonia  is  proclaimed,  and  it  is  most  urgently 
recommended  to  the  farmer  to  collect  with .  the  utmost  care  the 
ammonia  of  his  manure,  and  to  apply  it  to  his  fields,  the  best 
means  being  indicated  for  avoiding  any  loss  of  Uiis  substance  ;  it 
is  stated  on  another  page,  that  plants  obtain  all  their  nitrogen 
from  the  atmosphere,  and  that  liie  nitrogen  of  the  manure,  con- 
sidered by  itself  as  a  part  of  the  food  of  plants,  hardly  contributes- 
to  increase  the  produce  of  the  crop.  There  is  here  no  advice  to 
the  farmer  as  to  what  he  ought  to  do  in  order  to  obtain  from  his^ 
soil  a  maximum  of  produce  in^  the- way  most  profitable  for  him- 
self. No  one  can  find  here  any  statement  as  to  whether  ammonia 
should  or  should^  not  be  given  in  the  manure,  to  wheat,  or  to 
what  other  crop  soever;  for  in  the  Vocabulary  of  Science  the 
word  Profit  does  not  exist 

All  these  apparent  contradictions  are  explained,  when  we 
place  ourselves^  and  this  an  author  is  entitled  to  insist  upon,  at 
the  point  of  view  of  the  writer,  and  make  up  our  minds  to  follow 
him'  in  his  reasoning  with  some  degree  of  attention. 

The  most  distinguished  agriculturists  (such  as  Schwerz  and 
Thaer),  the  greatest  chemists  and  men  of  science  (Berzelius, 
Gay  Lussac,  Boossingault,.  Payen^  De  Saussure),  believed,  up  to 
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the  period  of  the  publication  of  my  book,  that  the  fertility  of 
soils  and  the  effect  of  manure  depended  exclusively  on  die 
presence  in.  them,  and  on  the  amount,,  of  humus  or  of  oi^^anic 
substances. 

"  The  effects  of  organic  manure  are  wonderful  and  incompre- 
hensible," says  Schwerz  {Handbuch  des  Sprackltschen  Akerhanes^ 
vol.  iii.  p.  33) ;  "  this  is  the^  Gordian  knot  which  cannot  be  un^ 
loosed ;  it  is  the  limitof  natural  science,  beyond  which  fsas  covers 
aJl  with  the  veil  of  mystery."  "It  is  the  vegetable  and  anunal 
extracts  {Bibliothbque  Uhiverselhy  vol.  xxxvi.)  which  determine 
the  agricultural  value  of  the  soil."^ 

«  Plants,"  says  Berzelius  {Handbuch^  1839;  p.  77),  "  obtain 
the  material  for  their  growth  from  the  earth  and  the  air,  which 
are  both  alike  indispensable  to  them.  The  earthy  part  appears 
to  exert  on  plants  no  other  influence  except  only  a  mechanical 
one.*' 

Further  (vol.  viii.  p.  423) :  "  Lime  serves,  partly  as  a  stimulant,, 
partly  as  a  chemical  agent,  by  which  the  constituents  of  the 
arable  soil  or  mould  are  rendered  soluble  in  water :  hence  we 
cannot  call  liming  a  manure.  Another  influence  of  liming  or  of 
the  alkalies  in  ashes,  consists  in  this,  that  by  their  agency  the 
organic  constituents  of  the  soil  are  more  rapidly  converted  into^ 
humus.  It  is  not  known  in  what  way  gypsum  acts  in  producing 
the  good  effects  which  experience  shows  it  to  produce."  Further' 
(vol.  vi.  p.  101)  :  "  We  have  seen,  from  what  has  been  said,  how 
plants  assimilate  carbon  and  oxygen;  but  we  have  not  found 
whence  they  procure  the  hydrogen,  or  the  nitrogen,  which  certain 
parts  of  plants  contain  in  notable  proportion."  {Berzelius.) 

According  to  these  doctrines,  prevalent  up  to  1840,  and 
founded'  by  De  Saussure  and  Sprengel,  vegetable  and  animal  life 
depended  on  the  circulation  of  organic  matter,  formerly  endowed 
with  vitality.  When  all  the  remains  of  dead  plants  and  animals 
in  cultivated  land  had  been  set  in  motion,  brought  into  the  cir- 
culation, and  in  this  way  rendered  available,  an  increase  of  pro- 
duce by  cultivation,  beyond  this  limit,  was  no  longer  possible,, 
nor  an  increase  of  the  population  conceivable.  My  researches 
on  the  processes  of  putrefaction  and  decay  (which  form  the 
second  part  of  my  book),  and  on  humus,  had  in  the  mean  time 
led  me  to  another  and  a  totally  different  view,  which  may  be  thus 
expressed: 

The  increase  of  organic  life  is  unlimited ;  *  all  the  constituents 
of  the  food  of  plants  are  inorganic  (or  mineral)  substances, 

"■  A  beautiful    connexion    subsists  between  the   oiganio   and    inorganic 

*  Of  course,  the  writer  means  "  save  by  the- extent  of  land  on  theglobe  capable 
of  supporting  vegetation."    We  are  still  very  far  from  this  limit. — Vt,  G. 

u2 
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kingdoms  of  nature.  Inorganic  matter  affords  food  to  plants,  and  they,  on 
the  other  hand,  yield  the  means  of  subsistence  to  animals.  Plants  find  new 
nutritive  material  only  in  inorganic  substances.  Hence  one  great  end  of 
vegetable  life  is  to  generate  matter  adapted  for  the  nutrition  of  animals,  out  of 
inorganic  substances,  which  are  not  fitted  for  that  purpose." — ^p,  12. 

Carbonic  acidy  ammonia^  water^  sulphuric  acidy  nitric  acid, 
phosphoric  acidj  are  inorganic  or  mineral  substances. 

In  contrast  to  those  inorganic  nutritive  matters  which  plants 
receive  from  the  atmosphere  (carbonic  acid,  water,  ammonia, 
nitric  acid),  they  require  for  their  formation  and  the  development 
of  their  vitality,  certain  inorganic  substances,  derived  from  the 
soil,  which  we  find  in  their  ashes  after  they  have  been  burned. 

These  constituents  of  the  ashes  of  plants  are  nutritive  materials 
and  not  stimulants.  The  atmospheric  nutritive  materials  only 
act  when  the  plants  are  at  the  same  time  supplied  with  the 
materials  of  nutrition  derived  from  the  soil. 

When  plants  require,  for  their  nutrition  and  development, 
certain  materials  of  nutrition  derived  from  the  soil,  which  ma- 
terials were  originally  constituents  of  certain  minerals,  then  the 
nutritive  power  or  the  fertility  of  the  soil  is  proportional  to  the 
amount  of  these  materials  which  it  contains ;  they  are  the  first 
conditions  essential  to  the  cultivation  of  plants.  The  nutritive 
power  of  the  atmospl^ere  is  proportional  to  the  amount  of  gaseous 
nutritive  matters  contained  in  it.  These  last  belong,  by  their 
nature  and  origin,  to  the  same  class  as  the  nutritive  matters  of 
the  soil :  but  the  nutritive  materials  of  the  soil  are  never  gaseous  ; 
and  as  we  are  in  the  habit  of  regarding  air  and  earth  as  opposed 
to  each  other,  I  shall  employ,  in  the  following  considerations,  as 
is  uniformly  done  in  science,  carbonic  acid  and  ammonia  (which 
are  mineral  constituents  of  the  atmosphere^,  or  atmospheric 
materials  of  nutrition,  and  the  mineral  constituents  of  the  soil, 
or  terrestrial  materials  of  nutrition,  as  contrasted  with  one 
another ;  which,  however,  it  is  self-evident  that  they  are  not,  if 
we  consider  their  nature.  The  carbonic  acid  in  limestone,  and 
the  ammonia  in  sulphate  of  ammonia,  are  not  gaseous  and  can 
never  be  constituents  of  the  atmosphere  in  these  forms  of 
combination. 

The  duration  of  the  fertility  of  a  field  or  soil  is  proportional  to 
the  quantity  or  the  sum  of  those  conditions  of  nutritive  power 
which  are  present  in  the  soil ;  that  is,  of  the  nutritive  constituents 
of  the  soil. 

The  exhaustion  of  the  soil  by  cultivation  is  directly  propor- 
tional to  that  part  of  this  quantity  or  sum  which  the  soil  has 
annually  yielded  to  the  crop  raised  on  it. 

Since  neither  the  nutritive  constituents  of  the  atmosphere  alone^ 
nor  those  of  the  soil  alonCy  exert  any  influence  whatever  on  the 
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development  of  plants,  the  atmospheric  nutritive  materials  are 
the  indispensable  conditions  of  the  conversion  of  the  terrestrial 
nutritive  materials  into  organic  compounds ;  and  the  terrestrial 
nutritive  materials  are,  in  like  manner,  the  indispensable  condi- 
tions of  the  conversion  of  the  atmospheric  nutritive  materials  into 
corn  and  cattle.  (See  *  Agricultural  Chemistry,'  pp.  195,  187.) 

The  amount  of  produce  of  a  field  in  a  given  time,  say  in  a 
year,  is  proportional  to  that  part  of  the  sum  of  the  terrestrial 
nutritive  constituents,  which,  during  that  year,  has  been  trans- 
ferred from  the  soil  to  the  plants  growing  on  it.  In  a  double 
crop  there  is  double  the  quantity  of  terrestrial  elements  of 
nutrition. 

These  propositions  are  self-evident,  and  require  no  further 
proof. 

Experience  demonstrates  that  the  produce  of  two  fields  in  the 
same  district,  or  the  quantities  of  com  or  cattle  raised  on  them, 
are  very  unequal.  One  meadow  yields  twice,  thrice,  four  times 
as  much  hay  as  another  meadow  of  equal  surface,  under  the 
same  external  circumstances.  An  acre  of  clover  in  one  field 
yields  twice,  thrice,  or  four  times  as  much  clover  as  an  acre  of 
another  clover-field.  There  are  fields,  nay  entire  districts,  on 
which  clover  either  does  not  grow  or  grows  but  poorly. 

What  is  the  cause  of  this  unequal  fertility  ?  The  surface  of 
the  fertile,  and  that  of  the  unfruitful  field,  are  in  contact  with  a 
precisely  equal  volume  of  air ;  to  both,  therefore,  are  presented, 
by  the  air  and  by  the  rain,  precisely  equal  quantities  of  carbonic 
acid  and  ammonia ;  but  on  the  surface  of  the  so-called  fertile 
field,  twice,  thrice,  or  four  times  as  much  carbon  and  nitrogen 
are  condensed  as  on  the  equal  surface  of  the  other.  It  is  plain 
that  the  cause  of  the  difference  of  produce  must  be  sought  for, 
not  in  the  atmosphere,  but  in  the  soil :  this  cause  must  be  the 
unequal  quality  of  the  soil,  while  the  external  conditions  are  the 
same. 

In  the  fertile  soil,  twice,  thrice,  or  four  times  as  much  of  the 
terrestrial  elements  of  nutrition  have  entered  into  the  plants,  than 
in  the  unfruitful  one.  There  have  therefore  been  more  of  these 
terrestrial  constituents  present,  either  absolutely  or  as  regards  their 
capacity  of  assimilation  (their  power  of  entering  into  the  plant, 
from  their  existing  in  ^available  chemical  forms)  in  the  one  soil 
than  in  the  other. 

The  amount  of  produce,  in  these  cases,  is  unquestionably 
proportional  to  the  quantity  of  mineral  elements  of  nutrition 
present  in  the  soils,  and  not  to  the  quantity  of  carbonic  acid  and 
ammonia,  for  the  atmosphere  has  supplied  to  both  an  equal 
quantity  of  these  materials ;  but  in  the  one  soil  the  conditions  of 
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their  conversion  into  organic  compounds  were  efficient  or  opera- 
tive in  greater  quantity,  during  the  same  time,  than  in  the  other. 

If  we  now  suppose  the  atmosphere  to  supply  to  two  fields,  as 
ahove,  of  unequal  fertility,  instead  of  the  ordinary  quantity,  twice, 
thrice,  or  four  times  a«  jnuch  ammonia  and  carbonic  acid,  and  in 
equal  proportion  to  both^elds,  the  produce  will  still  be  unequal ; 
that  of  the  fertile  field  will  still  be  higher  than  that  of  the  other, 
:and  that  in  the  same  proportion  as  before,  for  the  conditions  of 
fertility  in  these  jsoils  are,  in  both,  the  same  in  amount  as  they 
formerly  were. 

If  the  produce  is  greater,  when  the  supply  of  carbonic  acid  and 
ammonia  is  doubled,  than  with  the  ordinary  supply,  this  can  only 
depend  on  the  circumstance,  that  in  both  fields  more  of  the  ter- 
restrial elements  of  nutrition  have  become  soluble  and  available 
in  the  given  time.  Experience  teaches  us  that  a  fertile  field,  if 
supplied  with  more  ammonia  than  the  air  supplies,  yields  a 
heavier  produce.  Experience  teaches  farther,  that  the  increase 
of  produce,  under  these  circumstances,  in  two  fielcb  of  unequal 
fertility,  is  not  proportional  to  the  increased  supply  of  ammonia ; 
that  the  produce  of  the  one,  for  example,  of  a  clay  soil,  is  doubled 
or  trebled  by  the  simple  addition  of  as  much  ammonia  as  was 
already  supplied ;  while  the  produce  of  the  other  field,  of  equal 
size,  for  example,  of  a  sandy  soil,  is  not  increased,  or  not 
materially  increased,  by  &e  addition  of  twice  or  thrice: as  much 
ammonia  as  was  fosmerly  supplied  to  it. 

Since  the  efficacy  of  the  carbonic  acid  and  ammonia  supplied 
to  the  soil  always  depends  on  the  quality  of  the  soil,  it  is  easy  to 
understand  that,  even  in  the  altered  tarcumstances  above  sup- 
posed, the  amount  of  produce  ;must'always  beiproportional  «to  the 
quantity  of  the  mineral  lelements  of«nutrition  present  in^the  soil, 
in  a  soluble  or  available  form.  An  < excess  of  ammonia  cannot 
supply  a  deficiency  iof  these  mineral  elements,  nor  convert  a  mis- 
proportion  among  them  into  a  due  proportion. 

I  have,  in  my 'book,  subjected  to  examination  ihe  .effect  of  an 
increased  supply  of  carbonic  acid  and  ammonia  in  the  soil,  and  I 
haVe  been  led  to  an  explanation  of  this  action  totally  different 
-from  that  generally  adopted* 

Nothing  appears,  at  first  sight,  more. simple  and  ofbvious  than 
the  opinion  that  the  atmospheric  elements  of  nutrition,  when 
artificially  supplied  to  cultivated  soils,  as  in  humustmd  ammonia, 
increase  the  produce,  because  they  are  available,  directly  and 
immediately,  as  food  for  plants,  and  .axe  actually  thus  taken  up  ; 
but  a  closer  investigation  leads  to  the  conclusion  that  this  ex- 
planation, as  a  general  rule,  cannot  be  the  true  one. 

The  consideration  of  agriculture  on  the  great  scale  shows,  that 
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the  quantity  of  nitro^n  whifsh  the  «oil  receives  in  the«bape  of 
manure,  is  but  a  small  fraction  of  the  sum  of  nitrogen  which  is 
reaped  in  the  crops ;  on  the  contrary,  cultivation  on  theamall 
scale  shows,  that  the  quantity  of  nitrogen,  which  is  reaped 
in  the  crops  on  a  soil  cichly  manured  with  ammoniacal  salts,  is 
but  a  small  fraction  of  that  which  has  been  supplied « to  the  soil. 
In  cultivation  on  the  great  scale  much  more  nitrogen,  in  all 
experiments  with  ammoniacal  salts  on  the  small  scale  much  less 
nitrogen,  is  reaped  in  the  crops  than  the  soil  has  received  in  the 
manure.  The  considerations  on  whichrmy  es^planation  is  founded 
are  the  following : — 

If  we  imagine  to  ourselves  a  lake  containing  an  inexhaustible 
amount  of  water,  from  which  hundreds  of  canals  convey,  each  a 
limited  quantity  of  water  to  as  many  mills,  it  is  plain  that,  even 
if  each  mill  receives  the  same  amount  of  water,  the  effect  of  this 
water,  which  is  produced  by  its  fall,  may  be  very  unequaL  One 
mill  grinds,  in  24  hours,  20  sacks  of  flour;  another  yields  in  the 
same  time  30,  a  third  50,  a  fourth  100  sacks  of  flour.  These 
unequal  effects,  with  equal  quantities  of  water,  depend,  as  is  well 
known  (the  fall  being  supposed  the  same  in  all),  on  the. con- 
struction of  the  mill-wheel.  With  a  badly-constructed  wheel, 
one-half  or  one-third  of  the  water  runs  past  the  buckets  without 
producing  any  effect.  The  maximum  of  effect  is  produced  when 
every  drop  of  water  is  allowed  to  ezertits  proper  effect,  when  all 
obstacles  are  removed,  .which  cause  a  loss  of  water  or  interfere 
with  its  action ;  and  this  every  miller,  who  understands  some- 
thing of  mechanics,  can  secure  by  a  certain  *form  and  construction 
of  the  wheel  and  the  buckets. 

Precisely  similar  is  the  relation  of  the  atmosphere  to  plants. 
The  air  (and,  as  I  have  lihown  by  my  analyses,  the  soil)  contains 
an  inexhaustible  magazine  of  ammonia  and  carbonic  .acid.  To 
each  field,  that  is,  to  each  equal  surface,  is  supplied  an  equal  rbut 
limited  quantity,  sufficient  for  the  most  luxuriant  vegetation;  and 
the  art  of  the  farmer  consists  essentially  in  iixing  in  his  fields 
the  whole  supply  of  carbonic  acid  and  ammonia  thus  offered,. or 
in  converting  it  into  a  maximum  of  bread  and  flesh.  This  is 
-done  in  the  cultivation  of  his  crops. 

The  food  of  plants  is  taken  up  by  means  of  their  jrools  and 
leaves  (see  the  cihapter  on  the  origin  and  action  of  humus,  *  Agri- 
cultural Chemistry,'  p.  29).  "  TAe^ize  which  a  plant  acquires  in 
a  given  time  is  proportional  ffo  tlieturfaee  of  iAeiorgans^hstiited  to 
convey  food  to  it"  (p.  81).  With  the  sur&ceand  ^number  of  the 
leaves  and  of  the  root- fibres,  the  power  of  the  }flant  ,to  .tsike  i^> 
ammonia  and  carbonic  acid  increases,. and  in  the  same  degree. 
A  plant  with  ten  leaves  and  ten  rodtrfibres  takes  up  in  the  same 
time  only  half  as  much  as  a  plant  with  twenty  leaves  and  twenty 
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root-fibres,  of  the  same  size  (p.  32).  When  all  the  conditions 
indispensable  to  the  conversion  of  carbonic  acid  into  a  constituent 
of  the  plant,  and  which  must  be  derived  from  the  soil,  are 
present  in  sufficient  quantity  and  in  available  forms,  then  only  so 
much  carbonic  acid  can  be  fixed  or  condensed  as  is  presented 
to  its  organs  of  absorption  by  the  surrounding  media  (p.  196). 
Without  a  simultaneous  supply  of  ammonia,  the  plant  does  not 
attain  its  full  development  (p.  187). 

But  if  to  the  roots  and  leaves  of  the  young  plant  there  be 
supplied,  in  the  same  time,  three  times  as  much  carbonic  acid  as> 
the  air  contains,  there  will  be  formed,  in  the  same  time,  four 
times  as  many  roots,  leaves,  and  buds.  The  surface,  and  with  it 
the  power  of  the  plants  to  take  up  food  from  the  air  through  the 
leaves,  will  be  increased  fourfold  beyond  what  it  would  have  been 
without  this  additional  supply  (p.  196).  The  plant  will  take 
up  more  mineral  food,  in  direct  proportion  to  the  increase  of  its 
mass  derived  from  the  soil.  The  number  and  size  of  the  seeds 
will  depend  on  the  quantity  of  mineral  elements  of  nutrition  which 
the  soil  has  yielded  to  the  plant  in  the  same  time  (p.  197). 
The  effect  of  the  carbonic  acid  artificially  supplied,  as  well  as 
that  of  the  ammonia  (p.  211)  consists,  therefore,  in  the  gaining 
of  time  (p.  199). 

The  increase  in  the  produce  of  a  field  depends,  on  the  whole,  in 
cultivation  on  the  great  scale j  according  to  the  preceding  explanation, 
on  this :  that  while  we  provide  in  the  soil,  at  the  favourable  time, 
a  source  of  carbonic  acid  and  ammonia,  the  absorbing  surface  of  the 
field  is  increased,  both  upwards  and  downwards,  by  these  nutri- 
tive materials.  A  double  surface  of  leaves  must  come  in  contact 
with  twice  as  many  particles  of  air,  and  must  take  up,  in  the  same 
time,  twice  as  much  carbonic  acid.  The  air,  in  the  same  time, 
is  more  completely  deprived  of  its  carbonic  acid.*  A  double 
number  of  root-fibres  receives  twice  as  much  of  the  terrestrial 
elements  of  nutrition  from  the  soil.  By  the  mechanical  prepara- 
tion of  the   soil  we   remove   the  obstacles  which   impede  the 

***  Mr.  Lawes,  obviously  under  the  impression,  as  it  appears  to  me,  that  my 
explanation  is  quite  new,  and  not  aware  that  it  is  to  be  found,  -verbatim,  in  my 
book,  since  1843,  has  made  the  following  remarks  on  it  (Journal,  -vol.  xvi.  p.  453). 
**  What,  we  would  ask  again,  is  gain  of  fime^  in  the  growth  of  plants,  but  the  very 
essence  of  the  distinction  between  natural  growth  and  artificial  growth,  that  is^ 
agriculture  ?  In  this  admission  is  iuYolved  the  fullest  and  most  convincing  proof 
that,  if  any  of  the  constituents  of  plants  should  have  attributed  to  them  a  prepon- 
derating -value  and  importance,  it  should  be  those  to  which  is  due  a  gain  of  time." 

I  can  only  reioice  that  Mr.  Lawes  has  now  recognized  the  significance  of  my 
explanation.  When,  five  years  ago.  Dr.  Daubeny  directed  his,  Mr.  Lawes',  atten* 
tion  to  it,  he  clearly  did  not  understand  it  (Journal,  i.  40) ;  but  my  little  pamphlet 
(*  Principles  of  Agricultural  Chemistry ')  appears  to  have  opened  his  eyes.  It 
is  self-evident  that  science  knows  nothing  of  a  preponderating  value  of  any  one 
element  of  nutrition.  Each  of  them  has,  under  certain  circumstances,  a  value  or 
importance  beyond  the  others. 
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simultaneous  action  of  these  terrestrial  elements ;  for  if  they  are 
not  present,  during  the  same  time,  in  due  quantity  and  of  due, 
that  is,  available  quality,  and  if  they  are  not  taken  up  by  the 
plants,  the  most  abundant  supply  of  carbonic  acid  and  of  ammo- 
nia can  produce  no  effect.     ('  Agricultural  Chemistry,'  p.  187.) 

The  draining  of  the  soil  promotes  vegetation,  because  it  gives 
to  the  atmospheric  elements  of  nutrition  free  access  to  the  roots 
of  the  plants,  and  it  augments  the  produce,  because  vegetation  is 
thus  accelerated,  and  time  is  gained  for  the  absorption  of  nutritive 
matters. 

In  agriculture,  no  factor,  or  element  of  the  calculation,  is 
more  important  than  that  of  time ;  and  the  too  great  neglect  of 
this  consideration  in  farming  is  unquestionably  the  most  serious 
obstacle  to  its  progress.  The  just  appreciation  of  the  valiLe  of 
any  special  manure  depends  on  a  knowledge  of  its  effects  in  time. 
An  individual  manure,  which,  in  one  year,  may  increase  the 
produce  of  a  field  in  the  most  astonishing  manner,  may,  if 
applied  to  the  same  field  in  the  same  way  for  five  years,  produce 
not  the  slightest  effect,  or  even  a  diminution  of  the  produce. 
Hence  arises,  when  the  manure  is  used  for  a  short  time,  an  over- 
estimate of  its  value,  and  in  a  longer  period,  an  unmerited 
depreciation  of  it.  Two  farmers,  who  are  to  day  of  precisely 
the  same  mind  as  to  the  value  of  a  special  manure,  come,  after 
a  few  years,  to  opinions  diametrically  opposed  on  the  same 
subject,  because  the  same  manure,  applied  to  different  kinds  of 
soil,  exerts  very  unequal  influences,  if  we  look  to  the  duration, 
that  is,  the  time,  of  its  effects. 

An  additional  source  of  carbonic  acid  and  ammonia  accelerates 
the  action  of  the  terrestrial  elements  of  nutrition  in  the  same 
time ;  the  increased  produce  means  nothing  else. 

If  the  produce  of  a  field,  without  the  addition  of  ammonia,  be 
=  1000,  then  a  certain  amount  or  sum  of  terrestrial  or  mineral 
elements  has  been  transferred  from  the  soil  to  the  plants  in  this 
crop  =  1000. 

If,  by  the  use  of  ammonia,  the  produce  has  risen  in  the  same 
time,  a  year,  to  be  =  2000,  then,  twice  as  much  of  the  mineral 
elements  has  been  removed  from  the  soil  in  the  same  time. 

It  follows  from  this,  that  if  a  soil  contain  so  much  of  these 
mineral  elements  that  it  can  yield,  in  100  years,  without  any- 
thing being  restored  to  the  soil,  exactly  100  crops  of  wheat,  it 
will  cease,  after  that  period  (100  years),  to  be  fertde  for  wheat. 

If,  now,  by  the  addition  of  carbonic  acid  and  ammonia,  or  of 
ammonia  alone,  the  produce  of  this  soil,  in  one  year,  be  doubled, 
then  the  soil  thus  treated  will  supply,  in  50  years,  as  much 
produce  as  it  would  have  done,  without  ammonia,  in  100  years. 
The  soil  will  have  lost,  in  50  years,  as  much  of  the  mineral  ele- 
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jnents  of  nutrition  as  it  would  have  lost,  without  ammonia,  in 
100  years. 

By  this  application  of  ammonia,  the  field  will  not  have  pro- 
duced more  wheat,  on  the  whole,  than  it  would  have  produced 
without  ammonia,  but  only  more  in  the  same  time. 

We  can  naw  understand,  that  the  total  produce  qfourjleldsj  or 
their  fertility  ymrist  be  proportional  to  the  sum  of  the  mineral  ele- 
ments of  nutrition  contained  in  the  soiU  o,nd  that  the  amount  or 
weight  of  the  produce  in  a  given  time  is  proportional  to  the  rapidity 
of  the  action  of  these  mineral  elements  in  that  time. 

The  experiments  hitherto  made  in  farming,  in  reference  to 
^his  point,  have  never  been  made  with  ammonia  alone^  or  with 
jutric  acid  alane^  but  always  with  ammoniacal  salts^  and  nitrates^ 
that  is,  salts  of  nitric  acid. 

Now  it  is  evident  that  if  the  acids  which  accompany  ammonia 
in  the  ammoniacal  salts,  and  the  bases  which  accompany  nitric 
acid  in  the  nitrates,  take  a  certain  share  in  vegetation,  they  must 
in  that  case  act  precisely  as  if  the  sum  of  terrestrial  elements 
•bad  been  increased,  or  their  action  accelerated,  that  is,  increased 
in  a  given  time.  The  effect  of  the  ammonia  or  nitric  acid  must 
:be  essentially  modified  by  the  presence  of  the  accompanying 
substances,  according  to  the  deficiency  or  excess  of  these  in  the 
fioil.  If  an  excess. of  sulphuric  acid  be  present  in  the«oil,  then 
ammonia,  accompanied  by  sulphuric  acid,  will  exert  a  less 
influence,  or  yield  a  less  produoe,  than  muriate  of  ammonia 
would  do  if  there  were  a  deficiency  of  muriatic  acid  in  the  soil. 

The  crops  on  fields  manured  with  ammoniacal  salts  or  nitrates 
•can  therefore  never  be  proportional  to  the  supply  of  nitrogen  in 
the  manure,  but  must  rise  and  £bJ1  according  to  the  nature  and 
action  of  the  substanees  .^qpplied  along  with  it.  The  most 
beautiful  and  convincing  experiments,  intregard  .to  these  essential 
(questions,  were  made  'in  the  years  18^13-46,  'by  F.  Kuhlmann  of 
Xille,  and.Schattenmann  (^'Comptes  Rendus,'  vol.  xvii.  p.  1121 ; 
*  Ann.  de  Ch.  et  de  Ph.,'  vol.  xviii.  p.  143 ;  ib.  p.  ^79).  ThaK 
experiments  are  hardly  known  in  agricultural  circles,^  and  I 
therefore  givdthem  here  in  detail.  They  have  contributed  not 
a  little  to  render  immoveable  my  conviction  of  the  truth  of  the 
doctrines  I  hold. 

By  manuring  a  meadow  with  ammonia  and  nitrates, 'Kuhlmann 
^obtained  an  increase  in  the  produce  of  hay,  in  1843,  which, 
calculated  for  100  .parts  of  nitrogen,  <9fds  as  follow:^,  for  equal 
surfaces : — 

Nitrogen  in  Uie  liasure.  Produced  increaae  in  Crop. 

100  parts  in  the  form  of  feI  ammoniac        ..      ..2489  parts  of  hay. 
„  „  sulphate  of  ammonia    . .   2160        „ 

„  ,,  nitrate. of  «oda       ..      ..  4005        ,, 
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Thus  100  parts  of  .nitrogen,,  as  nitrate  of  soda,  yielded  lup'wards 
of  90  per  cent,  more  inczeftse  in  the  produce  of  hajrthan  the  same 
quantity  of  nitrogen,  as  sulphate  of  ammonia. 

Again,  an  equal  surface  of  meadow,'manured'for  three  success 
sive  years,  first  with  sulphate  of  ammonia,  then  ^with  nitrate  of 
lime,  and  lastly  with  nitrate  of  soda,  yielded,  for  100  parts  of 
nitrogen  in  the  manure,  the  following  increase  of  ;produce  : — 

Nitrogen  in  Manure.  Yielded  inerease  <tt  Prodnoe. 

100  parts  m  tke  fonn  of  sulphate  of  ernmonia    . .  3140  parts  of  hay. 
.„  „  nitrate  of  lime      ..      ..  2593        „ 

„  „  nitrate  of  soda       ..      ..  4870        „ 

The  same  quantity  of  nitric  acid,  which,  united  to  lime,  had 
yielded  2593  lbs.  of  hay  increase,  yielded,  when  united  to  soda, 
4870  lbs.  of  hay,  that  is,  upwards  of  90  per  cent.  more. 

These  results  prove  irrefragably  that  the  crops  on  a  field,  ma- 
nured with  ammoniacal  salts  or  nitrates,  is  not  proportional  :to 
the  supply  of  nitrogen  in  the  manure ;  for  the  same  w^eights  of 
nitrogen  in  the  same  field  give,  not  equal,  but  most  unequal 
crops. 

It  follows  farther,  from  these  experiments,  that  if 'to  the  ammo- 
niacal salts  we  add  other  substances,  which  by  themselves  are 
capable  of  taking  a  part  in  vegetation,  that  is,  which  can  sewe  as 
food  to  plants :  that,  in  this  case,  the  proportion  of  the  crop  to 
the  nitrogen  supplied  in  the  manure  must  again  be  changed ; 
because,  to  the  action  of  the  nitrogen  in  ammonia  by  itself,  and 
to  that  of  the  substance  accompan3dng  it  in  the  salt,  is  added  that 
of  a  new  factor. 

By  manuring  a  meadow  with  666  parts  by  weight  of  sal  ammo- 
niac and  phosphate  of  lime,  Kuhlmann  obtained,  in  1844,  I'B^S, 
and  1646,  an  excess  of  'produce  over  that  of  an  equal  surface  of 
unmanured  land  equal  to  7686  parts,  by  weight,. of  hay. 

An  equal  surface,manured  with  300  parts,  by  weight,  of  guano, 
containing  5  per  cent,  of  nitrogen,  yielded,  in  the  same  years,  an 
increase  of  produce  equal  to  2469  parts,  by  weight,  of  hay. 
i^JTom  these  results  it  appears  that — 

Nitrogen  in  Manure.  Yielded  increase  of  FMdaoe. 

100  parts  in  the  form  iSi  sal  ammoniac        ..      ..     2,439  parts  of  hay. 
„  „  salammoniAC  with  phos- 

phate of  lime ...     . ;.    4>^^7       „ 
„  „  guaao..      ..         ..      ,.  16,460       ,„ 

In  1846,  in  Kuhlman's  caperimenta,  .200  parts,  by  ^weight,  of 
sulphate  of  ammonia  .yielded  ^an  increase  equal  to  253Stpart8  of 
hay  ;  and  an  equal  surface,  which  received  200  iparts*  of  sulphate 
•of  anmionia,  with  the  addition  of  133  parts  of  .common  ^salt, 
yielded  an  increase  equal  to  3173  parts  of  ibay.  The  significanoe 
of  these  resuhs  is  obvious  and  easily  undcEStood. 
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When  the  ammoniacal  salts  used  as  manure  are  accompanied  by 
mineral  substances  which  are  also  elements  of  nutrition  for  plants, 
the  produce  is  proportional,  not  to  the  nitrogen  in  the  manure,  but 
to  the  effect  of  these  mineral  substances. 

By  the  use  of  the  phosphate  of  lime,  the  effect  of  the  ammonia 
in  sal  ammoniac  was  almost  doubled.  By  the  action  of  the  sub- 
stances which  in  guano  accompany  the  ammonia,  the  effect  of  the 
latter  was  made  seven  times  greater  than  that  of  the  same  quantity 
in  the  shape  of  sal  ammoniac  alone.  By  the  addition  of  common 
salt  to  the  sulphate  of  ammonia,  the  effect  of  the  ammonia  in  that 
salt  was  increased  25  per  cent. 

Since  the  effect  of  a  manure  is  not  proportional  to  the  quantity 
of  nitrogen  it  contains,  it  will  be  easily  understood  why  the  value 
of  a  manure  cannot  be  estimated  by  its  percentage  of  nitrogen. 

According  to  the  best  analyses,  it  may  be  assumed  that  meadoii 
hay  contains  1  per  cent,  of  nitrogen ;  consequently,  in  100  parU 
of  nitrogen  are  contained  10,000  parts  of  hay.  If  we  compare 
with  this  quantity  of  hay  the  increased  produce  of  hay  produced 
bv  100  parts  of  nitrogen  in  Kuhlmann's  experiments  with  ammo- 
niacal salts,  it  appears  that  in  this  mcrease  we  only  receive  fron: 
one-fifth  to  one-fourth  of  the  quantity  of  nitrogen  supplied  in  the 
manure,  and  therefore  that  an  apparent  loss  of  four-fifths,  oi 
three-fourths,  of  this  nitrogen  has  taken  place. 

In  reality,  no  loss  has  occurred.  That  which  might  be  re- 
garded as  loss  is  the  portion  of  ammonia  which  has  not  acted 
and  this  portion  has  not  acted,  because  ammonia,  by  itself,  pro- 
duces no  effect ;  and  only  then  does  or  can  act,  when  the  othei 
conditions  are  present  which  enable  it  to  take  a  share  in  vege- 
tation. 

It  might  be  supposed  that  the  portion  of  ammonia  which  hai 
not  been  assimilated,  from  want  of  the  necessary  conditions,  hai 
yet  been  taken  up  by  the  roots,  and  has  evaporated  through  th< 
stem  and  leaves,  and  that  consequently  no  ammoniacal  salt  is  Icf 
in  the  soil  after  the  harvest.  This  idea  is  very  unlikely  to  Ix 
true,  for  it  presupposes  that  the  whole  residue  of  ammonia,  anc 
indeed  every  atom  of  it,  has  come  into  contact  with  the  absorben 
root-fibres  and  been  absorbed.  This  is  impossible,  for  the  ammo- 
niacal salts  are  conveyed  to  every  part  of  the  soil ;  but  there  an 
not  root-fibres  in  every  part  of  the  soil  to  absorb  it,  unless  wi 
suppose  the  root-fibres  to  exert  on  the  particles  of  ammonia  scat 
tered  in  the  soil  the  same  influence  which  a  powerful  magne 
exerts  on  the  particles  of  iron  filings,  diffused  through  a  heap  o 
sand.  But  we  know  that  the  root-fibres  can  only  absorb  thos< 
particles  which  are  in  immediate  contact  with  them,  and  tha 
they  exert  no  attractive  power  even  at  the  shortest  distance 
Observation   supplies   no  fact   to   prove,   either  that   ammoni 


Agricultural  Chemistry.  301 

actually  evaporates  through  the  leaves  of  plants,  or  that  sulphate 
of  ammonia,  or  sal-ammoniac,  can  evaporate  at  all  under  these 
circumstances. 

The  most  direct  proof  against  this  assumption  (which  in  scien- 
tific language  is  called  a  mere  hypothesis,  since  it  is  destitute  of 
all  foundation  in  fact)  is  the  circumstance,  that,  when  guano  was 
applied  in  Kuhlmann's  experiments,  not  only  was  no  loss  of 
nitrogen  sustained,  but  in  the  hay  obtained  there  was  contained 
64  per  cent.*  of  nitrogen  beyond  what  was  added  to  the  soil  in 
the  guano.  This  excess  of  64  per  cent,  of  nitrogen  in  the  crop 
was  spread  over  the  three  years  of  the  experiment  as  follows : — 

For  100  parts  of  nitrogen  in  the  guano  there  was  obtained  in 
the  hay, — 

In  1844       105i  parts  of  nitrogen. 

1845       22i 

1846       36 

Total  nitrogen  in  the  crops,  including  100  

parts  from  the  guano      164    parts. 

Consequently,  in  this  experiment,  not  only  no  evaporation  of 
active  or  available  nitrogen  took  place,  but  precisely  the  reverse 
of  loss  occurred ;  for  an  absorption  and  assimilation  of  nitrogen 
from  the  natural  sources,  in  addition  to  that  in  the  guano,  was 
observed. 

The  opinion  or  hypothesis  that  the  nitrogen  added  to  the  soil 
in  excess,  in  manuring  with  nitrogenised  manure,  for  example, 
with  ammoniacal  salts,  is  taken  up  by  the  plants,  loses  its  nutri- 
tive power,  and  evaporates  through  the  stem  and  leaves,  and  that 
the  soil,  by  the  cultivation  of  the  gramineae,  suffers  a  loss  of 
nitrogen,  is  shown  by  the  preceding  considerations  to  have  no 
scientific  foundation  whatever.  The  fact  is,  that  when  a  field 
has  been  manured  with  ammoniacal  salts  in  one  year,  and  has 
yielded  in  that  year  an  increased  produce,  it  yields,  in  the  next 
year,  if  sown  with  the  same  plant,  a  less  abundant  crop  than  an 
equal  surface  of  the  same  land  in  the  second  year,  which  has  re- 
ceived no  ammoniacal  salts  in  the  preceding  one.  This  de- 
ficiency is  a  result  of  experiment ;  but  the  conclusion  drawn  from 
it,  that  it  is  caused  by  a  loss  of  nitrogen,  is  not  a  true  or  logical 
conclusion,  but  a  mere  fancy,  an  hypothesis.  The  deficiency  is 
explained  by  the  following  considerations. 

The  effect  of  ammoniacal  salts  is  not  the  same  as  that  of  free 
ammonia.  These  salts  contain  an  acid  which  exerts  an  action  on 
the  constituents  of  the  soil,  an  action  not  exerted  by  pure  am- 
monia. The  acids  of  the  ammoniacal  salts  render  the  earthy  phos- 
phates more  soluble  in  water  than  they  would  otherwise  be. 
These  acids  also  render  available  the  silicates  ;  that  is,  they  pro- 
duce such  a  decomposition  of  the  natural  silicates,  that  the  con- 
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stituentB  of  these  minerals  acquire  a  degree  of  solubility  in  \ 
TentSj  whiob,  while  in  the  form  of  natural  silicates,  they  either 
not  possess,  or  possess  in  a  far  lower  degree.  While  the  sdlics 
ar&  thus  acted  on,  their  silica  or  silicic  acidi  (which^  is  indisp 
safoly  necessary- to  liie  giamines)  is  brought  into  a^state  in  wh 
it  is^soluble  in  water,  so  that  all  the  rain-water  which  comea 
contact  wil^  it  finds  and  dissolves  a  certain  quantity  of  sili 
add  beyond  that  quantity  which  the  same  amount  of  rain-wi 
would  have  found  available  without  the  ammoniacal  'salts.* 
means  of  the  atmospheric^constituents  accumulated  in  the  s< 
by  means,  for  example,  of^ammonia^  the  action  of  the  mine 
constituents  which  are  present  in  available  or  soluble*  forma 
accelerated,  that  is,  increased  in  a  given  time. 

By  mean&  of  ammoniacal  salts  a  part  of  the  insoluble  mine 
constituents  present  in  the  soil  is  rendered  soluble,  and  a  lar 
fraction  of  the  entire  sum  of  mineral  constituents  is  rende 
active,  or  capable  of  entering  into  the  plant ;  consequently, 
manuring  with  ammoniacal  salts,  there  is  removed  from  the  s 
in  the  excess  of  produce  reaped  in  the  first  year,  a  part  of  th 
mineral  constituents  which  would:  have  been  rendered  soluble  i 
available  by  natural  causes  in  the  second  year.  The  soil,  in 
second  year^  is  'poorer  in  these  available  mineral  constituents  t1 
it  would  have  been  had  no  ammoniacal  salts  been  applied  in 
preceding  year. 

Of  two  fields,  of  which'  one  has  been  manured  with  ammc 
acal  salts,  and  the  other  left  unmanured,  the  fonner  will  give 
the  first  year  a  lai]^er  produce  ;  but  if  the  same  two  fields  be  \ 
unmanured  the  second  year,  the  proportions  of  produce  will 
reversed.  The  field  not  manured  in  the  first  year  must  yield 
the  second  a  decidedly  higher  produce  than  the  other,  beca 
the  higher  produce  of  the  manured  field  in  the  first  year  m 
have  caused  a  greater  consumption  of  mineral  constituents,  \ 
this  must. have  produced  a  corresponding  exhaustion  of  these  c 
stituents  ;  consequently,  a  copious  supply  of  ammoniacal  » 
alone  (if  the  mineral  constituents  removed  in  the  excess  of  p 
duce  caused  by  this  manure  in;  the  first  year  are  not  replace 
cannot  naturally  exert  any  influence  im  the  augmentation  of 
produce  of  a  field  in.  the  succeeding  years,  because  the  actior 
these  salts  is  in  part  a  chemical  one. 

*  Hydrated  siliexe  acid  is  more  soluble  in  pare  water  than  in  water  oontaix 
ammoniacal  salts ;  since,  according  to  the  experiments  of  Way,  and  my  own, 
moniacal  salts  are  removed  from. water  by  the  soil,  and  lose  their  solnbility,  1 
do  not  present  any  obstacle  to  the  absorptidn  of  »lica  by  the  roots ;  and  lai 
since  on.1  acre  of  land  more  than  a  million,  of  pounds  of  rain-wat^  falls, 
proportion,  of  anmioniacal  salts  which  can  remun  dissolved,  where  an  excef 
them  has  been  applied,  is  too  trifling  to  form  any  material  obstacle  to  the  absorp 
of  silica; 
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A  body  which  has  excited  a  chemical  action  loses  theraby  the 
powier  of  exerting,  this  action  a  second  time.  When  sulphuric 
ormuriatio  acid  exerts  a  chemical  action^  or  decomposition,  it" 
enters  into  a  chemfcal  combination,  in  which  the  acid  hasentii^y 
lost  its  properties.  Hence  we  can  eanly  see  why  ammoniacal' 
salts^  in  spite  of  the  excess  of  ammonia  which  remains  in  the  soil 
in  the  second  year,  have  apparently  an  effect  so  little  durable; 
This  is  because  the  excess  of  ammonia  can  exert  no  nutritive 
action  when  the  conditions  of  its  efficacy,  namely,,  the  mineral^ 
constituents,  are  wanting;  when  the^f  have  been  consumed  in 
producing  the  excess  of  produce  in- the  previous  year. 

The  experiments  of  Kuhlmann^  a»  well  as  ^ose  of  Lawes, 
supply  the  most  convincing  proofs  of  the  tmth  of  these  deduc^ 
lions.  The  fields  which  Kuhlmann  had  manured,  in  1844,  with 
ammoniacal  salts  and  nitrates^  yielded,  in  1845,  when  unmanured^ 
a  less  produce  than  was  obtained  from  an  equal  surface  which 
had  not  received  any  manure  in  1844.  That  one  which,  in  1844^ 
received  500  lbs.  of  sulphate  of  ammonia,  yielded  in  1845,  un- 
manured,  8340  lbs.  of  hay.  That  which  was  not  manured  in  1844 
yielded,  without  manure,  in  1845,  8972  lbs.  of  hay ;  that  is, 
632  lbs.  more  than  the  other.  Still  more  striking  is  the  following 
fact.  Kuhlmann  had  manured  a  portion  of  his  field  in  1844 
with  a  mixture  of  666  lbs.  of  sal-ammoniac,  along  with  phos- 
phate of  lime,  and  had  obtained  an  excess  of  produce  =^  12,172  Ibs; 
of  hay  per  hectare.  In  the  same  year  the  portion  manured  with 
500  lbs.  of  sulphate  of  ammonia  (without  phosphate  of  lime) 
yielded  an  excess  =  3488  lbs.  of  hay.  The  former,  therefore, 
yielded  24-  times  more  excess  of  produce  than  the  latter. 

Meadow-plants,  like  all  others,  require  for  their  development 
phosphate  of  lime  and  ammonia,  but  also,  besides  these,  other 
elements  of  nutrition ;  for  example,  silica  and  alkalies,  without 
which  they  cannot  thrive.  By  the  addition  of  phosphate  of  lime 
to  the  ammoniacal  salt  the  effect  of  the  latter  was  augmented :  there 
were  obtained  in  all  8684  lbs.  of  hay  more  than  by  the  use  of  the 
ammoniacal  salts  alone.  Now,  in  this  excess,  which  is  equal  to 
2i  times  the  whole  excess  obtained  by  the  ammoniacal  salts  alone, 
there  were  contained  2^  timesr  more  silica,  and  2i  times  more 
potash  than  would  have  been  removed  from  the  soil  without  the 
use  of  phosphate  of  lime  along  with  the  ammoniacal  salts ;  and 
the  soil  was  rendered  necessarily  by  so  nmch  the  poorer  in  these 
constituents.  This  great  loss  of  indispensable  constituents  could 
not  be  without  influence  on  the  subsequent  crops.  The  field 
which  in  1844  had  been  manured  with  500  Ibs^  of  sulphate  of 
ammonia  had  no  manure  in  1845,  and  received^  in  1846,  500ibs..- 
of  the  same  ammoniacal  salt.  The  result  was  as  follows  : — ^The 
same  quantity  of  phosphate  of  lime  and-  salHumnoniac,  which  in* 
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1844  had  yielded  a  produce  higher  by  8684  lbs.  than  that  of  the 
field  manured  with  sulphate  of  ammonia  alone,  yielded,  in  1846, 
3592  lbs.  of  hay.  The  field  manured  with  sulphate  of  ammonia 
alone  yielded^  in  1846,  3726  lbs,  of  hay ;  that  isy  124tlbs.  more  than 
the  other.  The  same  manures  which  in  1844  had  produced  an 
enormous  increase,  and  to  which  the  unscientific  and  ignorant 
farmer  would  certainly,  on  account  of  this  result,  have  attributed 
a  preponderating  value,  lost,  in  1846,  their  effect,  although  applied 
in  the  same  quantity,  and  in  the  same  proportions,  to  the  same 
soil ;  and  they  lost  their  effect  in  the  subsequent  years,  in  the 
.  same  degree  as  they  had  at  first  produced  a  favourable  result. 
The  increased  produce  of  the  first  year  determined  the  diminished 
produce  in  the  second  and  third  years.* 

We  see  from  these  facts  that  the  effect  of  each  individual 
manure,  or  the  produce  obtained  by  it,  is  dependant  on  fixed 
and  immutable  natural  laws,  which  must  not  be  disobeyed  nor 
neglected,  if  the  farmer  wishes  to  secure  the  continuance  or  dura- 
tion of  his  crops.  By  the  use  of  ammoniacal  salts  alone  we  can 
increase  the  produce  of  a  field  in  a  given  time,  but  not  on  the 
whole.  The  quantity  of  com  and  cattle  which  a  given  surface 
can  yield  stands  in  a  fixed  relation  of  dependance,  which  can  only 
he  modified  in  regard  to  the  time  over  which  the  action  extends,  to 
the  sum  of  the  mineral  constituents  which  the  soil  contains,  and 
which  it  can  yield  to  the  plant. 

If  Kuhlmann  had  continued  his  experiments  for  ten  or  fifteen 
years,  it  is  as  certain  as  any  mathematical  truth  is,  that  with  all 
his  expenditure  of  manure  (ammoniacal  salts)  he  would  not  have 
obtained  in  that  time  1  cwt.  of  hay  more  than  his  meadow  would 
have  yielded  without  any  manure  whatever.  The  effect  of  any 
special  manure,  for  one  year,  does  not  enable  us  to  draw  any  con- 
clusion as  to  its  effect  in  a  second  year ;  and  if  such  a  manure 
should  produce  a  favourable  result  during  five  successive  years, 
it  is  certain  that  it  will  not  have  the  same  effect  during  ten  years. 

No  one  can  rationally  suppose  that  there  exist,  for  the  legumi- 

♦  «*  Thus  we  have  shown,  that  after  supplying  to  the  soil  twice  or  thrice  as 
much  nitrogen  as  was  obtained  in  the  increase  yielded,  there  was,  in  the  succeeding 
year,  no  increase  whatever  due  to  the  nitrogen  not  recovered  in  the  year  of  the 
application ;  or  that  such  increase,  if  any,  was  not  only  extremely  small,  but  that 
it  occurred  only  when  the  application  of  the  previous  year  had  been  obviously 
very  excessive." — Journal ^  vol.  xvi.  p.  475. 

**•  The  instances  given  in  Table  V.  prote  the  fact  that  a  moderate  supply  of 
ammoniacal  salts  to  the  wheat-crop  did  not  leave  any  efficient  residue  for  the 
succeeding  season." — lb.  p.  478, 

According  to  Mr.  Lawes,  a  moderate  supply  is  fW>m  224  lbs.  to  336  lbs.  of 
ammoniacal  salts.  This  is  from  three  to  five  times  as  much  as  is  required  for  the 
increase  in  a  crop  of  wheat,  calculated  on  its  percentage  of  nitrogen.  In  scientific 
language,  Mr.  Lawes,  instead  of  saving  that  the  instances  prwe  the  fact,  ought  to 
have  said, "  The  instances  given  m  Table  V.  show  that  there  was,  in  the  suc- 
ceeding year,  no  increase  wlmtever." 


Agricultural  Chemidry. 


305 


nosae  and  gramineae  of  our  cnltivated  fields,  laws  of  Butrition 
different  from  those  which  applj  to  the  plants  of  the  same 
orders  which  constitute  the  chief  mass  of  our  meadow  crops, 
nor  that  nature  has  created  special  laws,  by  way  of  exception, 
for  the  wheat  plant 

In  this  point  of  view  the  experiments  made  by  Schattermann 
in  1843  are  peculiarly  instructive,  and  well  calculated  to  remove 
every  doubt.  (See  *  Comptes  Rendus,'  vol.  xvii.  p.  1128, 
1843.) 

Schattermann  manured  ten  equal  plots  of  a  large  wheat-field 
with  sal  ammoniac  and  sulphate  of  ammonia,  and  left  unmanured 
a  plot  of  equal  size.  Of  the  manured  plots  one  received  162 
kilogrammes,  or  340  lbs.  per  acre  English ;  others  twice,  thrice, 
and  four  times  that  quantity  of  each  of  these  salts. 

**  The  ammoniacal  salts,"  says  Schattermann  (p.  1130), 
*^  appear  to  exert  an  extraordinary  influence  on  wheat ;  for  only 
eight  days  after  the  manuring  the  plants  acquired  a  deep  green 
colour,  a  sure  sign  of  great  vegetative  energy." 

The  produce  obtained  by  this  manuring  with  ammoniacal  salts 
was  as  follows : — 


Produce  in  Etto^jammes.* 


Qoantity  of  Ammonical  Salt. 

1 
Grain.  |  Straw. 

Grain 
leas. 

Straw 
mora 

1  acre — none 

1182      2867 
1138  ;  3217 

878      3171 

1174     3073 

903      3248 

44 
304 
8 
279 

1  acre — 162  kil.  sal  ammoniac 

348 

4  acres— 1st,  324  k. ;  2nd,  324  k. ;  3rd,  486  k.  ;1 
4th,  486  k.,  of  sal  ammoniac:  average  produced  J 

1  acre— 162  kil.  snlphate  of  ammonia 

4acre&— Ist,  324  k. ;   2nd,  324  k. ;  3rd,  486  k.;l 
,    4th,  648  k.,  of  sulphate  of  anmionia ;  average  . .  j 

314 
211 
381 

These  results,  obtained  by  manuring  a  wheat-field  with 
ammoniacal  salts,  tell  us  more  than  a  whole  volume  full  of 
figures. 

In  all  these  impartial  and  trustworthy  experiments  the  produce 
oi  grain  was  diminished  by  the  use  of  ammoniacal  salts.  The 
deficiency  was  less,  on  the  plot  manured  with  the  smallest 
quantity  of  these  salts,  than  on  those  which  had  received  an 
excess. 

The  produce  of  straw  alone  was  increased.  For  1  lb.  of 
ammoniacal  salt  there  was  obtained,  on  an  average,  about  1  lb.  of 
increase  in  the  produce  of  straw. 

Any  one  inexperienced  in  the  treatment  of  scientific  questions 
would  think  himself  justified  in  drawing,  from  these  experiments, 
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the  conclusion,  that  nitrogeni$ed  manures  are  altogether  unfit  for 
ffrairij  because,  by  their  use,  the  produce  of  grain  was  diminished, 
and  because  the  deficiency  increased  with  the  amount  of  the 
ammoniacal  salts  employed  as  manure. 

Yet  this  conclusion,  which  is,  in  this  form,  a  direct  contradic- 
tion to  those  of  Mr.  Lawes,  is  no  better  founded  than  those  latter 
conclusions,  according  to  which  nitrogenised  manures  are  pecu' 
liarly  appropriate  for  grainy  because  the  increase  or  diminution 
of  the  produce  is  proportional  to  the  presence  or  the  deficiency  in 
the  soil  of  those  mineral  constituents  which  the  soil  must  supply 
to  grain  for  its  development  simultaneously  with  the  anunonia. 
If  these  mineral  constituents  are  deficient  or  absent,  while  others, 
required  for  the  straw,  are  rendered  soluble  and  available  in 
greater  proportion  by  the  action  of  the  ammoniacal  salts,  then* 
the  produce  of  grain  diminishes,  while  that  of  straw  increases ; 
in  spite  of  the  excess  of  ammonia  no  more  nitrogen  is  assimilated 
than  is  supplied  by  the  natural  sources  of  that  element 

A  single  indispensable  mineral  constituent,  no  matter  which, 
determines  and  regulates  the  produce.  If  all  the  others  be  pre- 
sent in  excess,  while  this  one  is  deficient,  the  plant  does  not 
thrive.  If  this  one  constituent  be  present,  in  an  available  form, 
and  exactly  in  the  proportion  required  for  the  growth  of  a  full 
crop  of  wheat,  and  if  the  soil  receives  no  ammonia  artificially, 
the  plant  obtains  its  supply  of  nitrogen  from  natural  sources  ;  an 
excess  of  ammonia  is  not  assimilated.  If  all  the  mineral  con- 
stituents are  present  on  the  soil  and  in  excess,  then,  by  the  addi- 
tion of  ammoniacal  salts,  the  produce  is  increased,  for  in  that 
case  the  conditions  of  the  assimilation  of  the  ammonia  are 
secured.* 

From  these  very  facts  it  follows,  indisputably,  that  if  the 
farmer  wishes  to  preserve  the  fertility  of  his  fields,  or  if  he 
wishes  to  increase  their  produce,  he  must,  before  all  other  con- 
siderations, attend  to  the  importance  of  rendering  available  and 
efficient  the  constituents  present  in  the  soil.  He  must  enrich  the 
Wl  with  mineral  constituents  supplied  from  without,  and  supply 
isuch  as  are  wanting,  if  he  would  increase  his  produce  in  a  given 
time ;  and  if  he  would  render  durable  the  increased  produce,  he 
must  restore  to  the  soil  all  the  mineral  constituents  removed  in 
his  crops,  and  in  the  same  proportions.  The  whole  art  of  agri- 
culture must  be  directed  to  these  objects,  and  when  the  farmer 
has,  in  this  way,  given  to  his  soil  the  necessary  quality,  then  the 
use  of  nitrogenised  manures  will  give  the  most  satisfactory 
results. 


*  Schattermaim  obserres,  that  with  lucerne  and  clover,  ammoniacal  salts  had 
no  perceptible  effect. 
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In  1843  I  fonnulated  m  the  following  inaimer  these  natoral 
laws  of  the  manuring  of  soils.  (*  Agr.  Chem./  see  Appendix, 
-where  they  are  printed  in  full  connexion,  pp.  211  to  214.) 

"  We  cannot  augment  the  fertHity  of  our  fields,  or  their  power  of  produc- 
tion, hy  supplying  tfliem  with  manure  rich  in  nitrogen,  or  with  ammoniacal 
salts  alone.  The  crox)8  of  a  field  diminish  or  increase  in  exact  pvoportioa  to 
tiie  diminution  or  increase  of  the  mmeEsL  substances  conveyed  to  it  in  the 
manure."— p.  211.* 

For  the  illustration  of  this  sentence,  and  that  the  meamag 
conveyed  by  it  might  not  be  doubtful,  I  added  the  following 
sentences,  in  reading  which,  it  must  be  borne  in  mind^  that  I  had 
in  view  three  kinds  of  manure,  ammoniaoal  salts  alonSj  am-' 
mmiacal  salts  with  mineral  constituents^  and  mineral  constituents 
alone. 

In  these  sentences  I  said — 

1.  ''  If  the  mineral  constituents  are  wanting  in  the  manure,  and  if  we  ^re 
ammonia  alone,  no  nitrogen  is  assimilated,  and  no  crop  is  obtained." — f,  211. 

2.  "  The  ammonia  in  animal  excreta  only  exerts  so  favourable  an  influence, 
because  it  is  accompanied  by  mineral  constituents. " — p.  212. 

3.  **  It  follows  from  this,  that  ammonia  is  assimilated  when  it  is  aocom- 
panied  by  these  mineral  constituents.** 

4.  **  When  ammonia  is  wanting  in  the  manure — that  is,  wiien  it  coa- 
tains  only  the  mineral  constituents — the  nitrogen  is  obtained  from  the 
atmosphere.'* 

In  order  to  remove  any  doubt  as  to  the  meaning  of  this  pro- 
position, the  following  one  is  subjoined  in  my  book : — 

"  Ammonia  accelerates  and  favours  the  growth  of  plants  on  all  kinds  of 
soil,  in  which  exist  the  conditions  for  its  assimilation ;  but  it  is  quite  without 
action  where  these  conditions  do  not  exist.'* 

Fearing  that  these  propositions  might  nevertheless  be  mis- 
understood, and  that  the  false  doctrine  might  be  ascribed  to  me, 
that  the  produce  of  the  soil  was  dependant  solely  on  the  supply 
of  mineral  constituents,  the  following  sentence  was  added  in  the 
English  edition  (p.  213)  : — 

"  "  In  order  to  obviate  any  misunderstanding,  we  must  again  draw  attention 
to  the  fact  that  this  explanation  is  not  in  any  way  contradicted  by  the  efii^t 
produced  by  the  application  of  artificial  ammonia  or  its  salts.  Ammonia 
was,  and  is  still,  considered  as  the  source  of  all  the  nitrogen  of  plants ;  its 
supply  is  never  injurious ;  on  the  contrary,  it  is  always  useful,  and,  for  certain 
purposes,  indispensable.  But,  at  the  same  time,  it  is  of  great  importance  for 
agriculture  to  know,  that  the  supply  of  ammonia  is  unnecessary  for  most  of 
our  cultivated  plants,  and  that  it  may  be  even  superfluous,  if  only  the  soil 
contain  a  sufficient  su^^ly  of  the  mineral  food  of  plants,  when  the  ammonia 

*  In  the  German  edition,  of  which  the  English  is  a  translation,  this  sentence 
stands  thus  :  **  instead  of  "  the  crops  of  a  field  it  is  "**  the  power  of  prodnction  of 
a  field  "  (in  German,  "  seine  Produktionsvermogen). — ^AtTTHOH. 

This  error  is  here  of  little  moment,  because  in  the  preceding  sentence,  as  above 
<inoted,  the  terms  **  fertility"  and  ** power  of  production,''  "both  accurately  repre- 
senting the  German,  are  u8ed.^TBANSLAT0B. 

x2 
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required  for  their  development  will  be  fumislied  by  the  atmosphere." — 
p.  213.* 

Keeping  in  mind  what  I  have  said  in  the  chapter  on  manure 
(pp.  188,  189,  190,  191,  192),  concerning  the  action  of  the  am- 
monia therein  contained,  no  reader  of  sound  judgment  could,  I 
should  have  supposed,  have  misunderstood  my  meaning. 

The  reader  knows  what  Mr.  Lawes  has  made  of  these  simple 
and  intelligible  propositions.  In  his  conclusion  (Journal,  vol. 
zii.  p.  39),  leaving  out  the  word  manure,  he  misrepresents 
me  as  having  said,  that 

"  We  camiot  increase  the  fertility  of  our  fields  by  a  supply  of  nitrogenous 
products  or  by  salts  of  ammonia  alone,  but  rather  that  their  produce  increases 
or  diminishes  in  a  direct  ratio  with  the  supply  of  mineral  elements  capable  of 
assimilation.** 

In  his  paper  ('  On  some  Points,'  vol.  xvi.  p.  464)  he  omits 
the  first  part  of  the  sentence  above  quoted,  and  imputes  to  me 
the  following  general  proposition : — 

"  Thus,  speaking  of  the  supply  of  ammonia,  he  ^Liebig)  says  that  it  may 
be  even  superfluous,  if  only  the  soil  contain  a  sufficient  supply  of  the  mineral 
food  of  plants,  when  the  ammonia  supplied  by  their  development  will  be 
supplied  by  the  atmosphere." 

In  the  first  part  of  the  sentence,  to  which  the  word  "  super- 
fluous "  refers,  I  had  specified  "  most  of  our  cultivated  crops." 

By  these  means  Mr.  Lawes  endeavours  to  make  the  world 
believe  that  I  have  taught : — 

1.  That  the  effect  of  manure  is  proportional  to  the  mineral 

constituents  which  it  contains  alone. 

2.  That  it  is  superfluous  to  supply  ammonia  in  the  manure 

to  any  cultivated  plant  whatever. f 

*  The  translation  here  is  perhaps  not  verbally  quite  exact.  Instead  of  **  arti- 
ficial ammonia"  the  original  has  "  artificial  application  of  ammonia  ;"  and  instead 
of  **  unnecessary  for  most  of  our  cultivated  plants,  and  that  it  may  be  even  super- 
fluous," the  German  has  ''  dass  die  Zufiihr  fiir  die  meisten  CulturpflamK 
unubthig  und  uberfltlssig  sey,"  which  in  English  means  "  that  the  supply  (of  itjis 
unnecessary  and  supemuous  for  most  of  our  cultivated  plants/'  The  word 
'*  superfluous  "  here  refers  more  directly  to  *'  most  of  our  cultivated  plants  "  than 
in  the  printed  translation. 

t  It  would  certainly  be  very  unreasonable  to  make  me  responsible  for  the 
erroneous  views  which  others  may  have  formed  of  my  doctrines.  That  I  have 
never,  at  any  time,  held  other  opinions,  than  those  which  I  have  defended  in  the 

§  receding  pages  and  in  my  *  Principles  of  Agricultural  Chemistry/  is  surely 
emonstrated  most  convincingly  in  those  publications  of  mine  which  appeared 
simultaneously  with  the  third  and  fourth  editions  of  my  '  Agricultural  Chemistry.' 
In  my  *  Handbuch  der  Organischen  Chemie/  we  find,  at  p.  1398  (published  1843), 
the  following  passage : — 

"  From  the  knowledge  of  the  food  required  by  plants  are  derived  several  rules 
highly  important  in  agriculture : — 

"1.  By  the  addition  to  the  soil  of  decaying  vegetables  the  growth  of  plants  is 
accelerated ;  the  produce  of  carbon  is  augmented,  inasmuch  as  we  thereby  supply 
a  source  of  carbonic  acid. 

"  2.  By 
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But  Mr.  Lawes  goes  still  farther.  He  wishes  to  make  the 
world  believe,  that  the  good  effects  of  ammonia  in  the  manure 
were  unknown  to  me — to  me,  who,  so  to  speak,  first  discovered 
ammonia  as  an  agent  in  agriculture — who  have  studied  most 
minutely  its  action  in  manures,  and,  of  course,  knew  this  action 
— while  my  book  is  full  of  it,  and  I  have  there  given  a  scientific 
explanation  of  its  effects.  But  he  goes  even  much  farther  than 
this ;  for  he  tries  to  make  it  appeal  that  I  have  recommended, 
specially,  to  supply  no  ammonia  to  grain  crops  in  the  manure ; 
whereas  the  only  passage  in  my  book,  in  which  I  have  acci- 
dentally spoken  of  the  manuring  of  any  special  class  of  plants, 
and  of  the  advantage  of  supplying  ammonia  in  the  manure,  has 
reference  to  grain  crops  : — 

"  If  we  furnish  to  the  soil,  which  contaios  already  all  the  other  constituents, 
ammonia^  and  to  the  cereals  the  phosphates  essential  to  their  growth,  in  the 
e?ent  of  their  being  deficient,  we  furnish  all  the  conditions  for  a  rich  crop."  * 
—See  p.  134. 

**  2.  By  the  addition  of  sulphurised  and  nitrogenised  substances,  we  create  in 
&e  soil  a  source  of  ammonia,  which  contributes  to  the  acceleration  of  the  develop- 
ment of  the  plants  and  to  the  increase  of  their  mass. 

"  3.  Since  the  conyersion  of  carbonic  acid  into  a  constituent  of  plants  is  effected 
by  the  agency  of  the  alkalies  and  alkaline  earths ;  since,  moreover,  without  a 
supply  oi  phosphates  no  seeds  are  formed  ;  it  is  evident  that,  when  cari)onic  acid 
and  ammonia  are  supplied,  the  growth  of  plants  is  not  accelerated  or  promoted, 
unless  the  mineral  constitutents  essential  to  the  assimilation  of  these  substances 
are  simultaneously  provided." 

Again,  in  my '  Dictionary  of  Chemistry,'  Vol.  II.  p.  638,  are  the  following 
words  (the  first  number  of  this  volume  appeared  in  1842,  the  last  in  1848  ;  the 
article  *  Manure/  from  which  the  following  extract  is  made,  appeared  in  October, 
1847,  and  was  written  by  Dr.  W.  Hofi&nan,  formerly  my  assistant  in  Giessen) : — 

*'Let  us  suppose  a  field,  which  contains  in  great  abundance  all  the  mineral 
constituents  which  the  plant  requires,  but  in  which — ^that  is,  in  the  soil — carbon 
and  nitrogen  are  entirely  absent.  If  we  sow  grain  in  this  field,  and  if  air,  water, 
and  the  proper  temperature  be  supplied,  it  will  yield  a  full  crop,  but  we  shall  not 
obtain  the  maximum  of  possible  produce.  The  problem  of  cultioaiion  is  this:  to 
raise  to  the  highest  pitch  the  produce  of  the  soil.  On  account  of  the  short  time  to 
which  the  life  of  our  cultivated  plants  is  limited,  we  can  only  attain  the^  marimnin 
of  their  development  by  ^ving  to  them  an  additional  supply  of  carbonic  acid  and 
ammonia,  in  the  soil,  besides  that  wliich  they  can  obtain  from  the  atmosphere.  By 
meaus  of  the  roots  left  in  the  ground,  and  by  means  of  the  various  secretions  of 
the  preceding  generation  of  plants,  our  cultivated  fields  are  always  supplied 
with  a  sufficient  quantity  of  carbonaceous  matters  (humus),  which,  by  their 
decay,  provide  an  abundant  atmosphere  of  carbonic  acid.  It  is  therefore  enough, 
if  we  add,  to  the  nitrogen  which  is  supplied  to  plants  in  the  ammonia  of  the 
atmosphere,  nitrogen  derived  from  animal  excreta.  From  these  connderations  it 
evidently  appears  how  high  is  the  value  to  agriculture  of  animal  excreta,  since, 
if  properly  treated,  they  supply  to  our  fields  all  the  elements  which  are  required, 
not  only  for  the  natural  development  of  plants,  but  also  for  an  artificial  increase, 
of  that  development. 

"  These  are  *'  (says  the  author  of  this  paper,  in  the  Dictionary  which  bears  my 
name),  '*in  all  essential  points,  the  opinions  which  Liebig  has  expressed  on  this 
subject  in  different  parts  of  his  work  on  Chemistry,  in  its  applications  to  Agri- 
culture and  Physiology.    Edition,  1846." 

*  Mr.  Lawes  says  (p.  447),  "  The  efficacy  of  ammoniacal  salts,  in  yielding  an 
increase  of  produce,  not  only  in  our  own  experiments,  but  as  a  finnly-established 
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For  my  part  1  have,  personally,  not  the  slightest  interest  in 
the  questions  connected  with  the  controversy  with  Mr.  Lawes. 
With  chemists  and  men  of  science,  to  whose  judgment  alone  I 
attach  any  value,  I  have  nothing  to  gain  if  my  views  prevail ; 
and  I  have  nothing  to  lose  if  the  views  of  Mr.  Lawes  should  be 
adopted  by  agriculturists.  For  among  men  of  science  and 
chemists  the  opinions  which  I  defend  are  recognised  as  repr»* 
senting  natural  laws,  and  such  men  are  quite  indifferent  to  the 
result  of  a  discussion  which  does  not  affect  the  subjects  of  their 
researches,  and  has,  therefore,  no  interest  for  them. 

If  I  enter  the  lists  in  defence  of  th^  truth  of  those  natural 
taws,  which  some  have  done  me  the  unmerited  honour  to  call  my 
theory,  it  is  solely  for  the  sake  of  a  great  cause. 

The  question  is  not,  here,  whether  aldehyde  be  or  be  not  the 
hydrated  oxide  of  an  organic  oxide ;  whether  mellone  contain 
12  or  13  equivalents  of  nitrogen  in  one  atom ;  but  it  concerns 
matters  far  more  important,  and  which  deeply  affect  the  happi- 
ness, the  prosperity,  and  the  material  progress  of  the  nations. 

The  true  the(»:y  of  agriculture,  founded  on  natural  laws,  muaJt 
enable  the  agriculturist,  who  keeps  it  constantly  and  steadily  m 
view,  to  produce  on  his  fields  a  larger  quantity  of  corn  and  cattle^ 
permanently  and  without  exhausting  the  soil,  and  this  by  the 
most  economical  means. 

A  false  theory  cannot  enable  the  agriculturist  to  attain  this 
object,  because  it  leads  him  into*  devious  paths,  and  consequently 
diverts  his  attention  from  that  which  is  truly  essential. 

I  feel  deeply  indebted  to  the  Editors  for  the  opportunity 
given  me  of  expressing  my  opinions  on  these  questions,  which 
I  was  not  able  hitherto  to  do  in  this  Journal.  I  have  treated; 
my  theories  in  chemical  science  like  children,  whom  we  send 
into  the  world,  and  let  them  try  their  chance  in  the  school 
of  life,  without  taking  any  farther  trouble  about  them.  The 
French  chemists  inflicted  mortal  wounds,  as  they  thought,  oa 
my  theory  of  Organic  Radicals,  and  banished  it  without  mercy ,» 
but  I  never  raised  a  finger  in  its  defence.  The  same  fate 
attended  my  theories  of  the  elements  of  food,  of  the  ibrmatioa 
of  fat,  of  putrefaction,  fermentation,  and  decay  ;  of  the  formatiaiii 
of  prussiate  of  potash,  of  the  respiratory  process ;  yet  I  never 
thought  of  saying  a  single  word  in  their  defence,  because  I 
acknowledge  the  right  of  every  one  to  have  his  own  optnioa& 
concerning   such  natural  phenomena.     If  these   theories  were 

fact,  is  now  then  fully  admitted.  And  as  it  was  impossible,  not  only  in  the  fiice  of 
our  own  paflicnlar  experiments,  but  of  now  eenerall]r  recorded  experience,  to  awid 
their  admissim  in  some  form,  how  is  it  that  Juaron  Liebig  brings  this  result  int» 
cmisistency^with  the  theory  which  supposes  the  increase  to  be  proportional  to  the 
seliiUe  minerals  present  in  the  soil  ?  ** 
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fallacious  or  eironeous,  it  was  not  worth  while  to  support  them ; 
and  if  there  were  truth  in  them,  they  would  maintain  their  place  ; 
of  that  I  was  thoroughly  assured.  Tbey  are  now  recognised  in 
science  in  their  fundamental  points,  after  it  had  been  believed 
that  many  of  them  had  been  exterminated,  even  to  their  very 
names,  and  buried  in  oblivion ;  and  all  this  without  my  having 
ever  entered  into  a  controversy  about  them. 

When  I  last  year,  for  the  first  time  during  ten  years,  took  up 
the  controversy  with  Mr.  Lawes,  which  I  did  not  begin,  it  will 
be,  I  trust,  believed,  that  it  was  not  for  the  sake  of  the  vain  ad- 
vantage of  proving  myself  to  be  right,  but  because  I  saw  that  the 
most  important  interests  of  mankind  and  of  the  state  were  ccm- 
cemed  in  the  question ;  because  the  problem  must  be  solved, 
which  is  the  best  way  of  supplying  the  wants  of  our  constantly- 
growing  populati(m;  because  the  income  and  property  of  the 
most  important  section  of  the  inhabitants  of  the  country,  namely^ 
of  the  landed  proprietors^  must  be  improved  by  the  application 
of  the  true  principles  of  cultivation,  and  must  be  endangered  by 
the  prevalence  of  false  principles. 

Millions  of  men  have  believed,  during  centuries,  and  many 
still  believe,  that  the  sun  revolves  round  the  earth,  because  to 
the  eye  it  seems  to  do  so.  In  like  manner,  thousands  of  farmers 
have  believed,  and  thousands  still  believe,  because  to  the  outward 
eye  it  seems  so,  that  all  the  interests  of  practical  agriculture 
revolve  round  "  nitrogen,^^  Yet  this  opinion  has  never  been  scien- 
tifically established ;  nor  can  it  ever  be  scientifically  established, 
because  all  progress  and  all  improvement  in  agriculture  revolve 
round  "  the  soiV* 

This  is  the  essential  distinction  between  my  doctrine  and  the 
earlier  one,  which  Mr.  Lawes  and  his  followers  have  revived^ 
and  now  support.  With  reference  to  practical  agriculture,  the 
judgment  to  be  formed  of  the  advantage  of  the  use  of  ammonia 
and  ammoniacal  salts,  and  of  the  nitrates,  rests  on  the  two  fol- 
lowing considerations : — 

The  farmer,  who  cultivates  land  which  is  not  permanently  his 
property,  has  the  greatest  interest  in  obtaining  from  the  land, 
during  his  occupancy,  the  highest  possible  produce.  The  con- 
dition in  which  he  leaves  the  land  to  bis  successor  is  no  object 
of  his  care.  For  this  farmer  ammoniacal  salts  and  maaures  very 
rich  in  nitrogen^  which  he  supplies  from  vnthouty  are  the  best  and 
most  profitable  manures. 

On  the  other  hand,  the  proprietor  of  the  land  has  the  greatest 
interest  that  his  land  should  continue  in  the  same  state  of  fertility 
in  which  he  has  handed  it  over  to  the  farmer. 

The  use  of  manure  rich  in  nitrogen  by  the  farmer  prepares  for 
the  proprietor  the  ruin  of  his  land.     The  greater  the  quantity  of 
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active  mineral  constituents  extracted  from  the  soil  in  the  crops 
by  the  use  of  such  manures,  and  the  less  the  quantity  of  these 
mineral  constituents  restored  to  the  soil  in  these  manures,  the 
more  rapidly  does  the  capital  of  the  proprietor  diminish  in  value 
by  this  system  of  exhaustion. 

As  in  the  case  of  working  men  and  horses,  the  exhaustion  is 
directly  proportional  to  the  work  performed.  By  rightly  selected 
food  the  power  is  restored,  in  men  as  in  horses,  of  performing  on 
the  second  day  the  same  amount  of  work  as  on  the  day  preceding. 
Every  misproportion  in  the  constituents  of  the  food  causes  a 
misproportion  in  the  force  produced,  and,  if  continued,  ultimately 
gives  rise  to  a  morbid  condition. 

The  manure  we  place  on  the  land  has  the  same  relation  to  the 
plants  which  are  to  grow  on  it  as  the  flesh  and  bread  have  to  the 
man,  the  hay  and  oats  to  the  horse.  By  rightly  selecting  the 
food  of  plants  we  enable  the  land,  in  the  second  year,  to  yield 
the  same  produce  as  in  the  preceding  one.  A  misproportion 
among  the  elements  of  the  manure  changes  and  disturbs,  in  a 
shorter  or  longer  time,  the  fertility  of  the  land. 

It  is  because  farmers  did  not  know  this  natural  law,  or  because 
they  do  not  keep  it  in  view  in  its  entire  strictness,  that  they  have 
made,  and  still  make,  countless  experiments  to  no  purpose.  To- 
day, nitrogen  and  phosphorus  constitute  the  panacea,  the  uni- 
versal medicine,  with  which  they  propose  to  cure  the  land  which 
has  become  diseased  I 

I  am  of  opinion  that  we  may  make  a  free  and  urdimited  use  of 
guano  and  ammoniacal  salts,  if  we  take  the  precaution  of  adding 
simultaneously  with  the  guano  a  certain  quantity  of  the  ashes  of  hard 
wood,  and  with  the  sulphate  of  ammonia  a  certain  quantity  ofplios- 
phaJte  of  lime  and  of  hard-wood  ashes.  In  practice,  however,  this 
cannot  be  accomplished.  The  more  use  the  farmer  makes  of  special 
artificial  manures,  the  less  farm-yard  manure  will  he  use;  and 
the  more  imperatively  uoill  the  necessity  make  itself  felt,  of  replacing 
tlie  deficient  constituents  by  a  supply  from  without,  or,  what  amounts 
to  the  same  thing,  of  making  artificial  manures  more  and  more  ana- 
logous in  composition  to  farmyard  manure. 

It  would  be  a  great  error  to  attempt  to  make  farmers  believe 
that  all  the  land  of  an  extensive  country  is  deficient  in  nitrogen 
and  phosphorus  only,  and  has  an  excess  of  all  the  other  consti- 
tuents indispensable  to  cultivated  crops.  It  is  a  fact,  that  not 
thousands,  but  hundreds  of  thousands  of  fields  have  the  same 
quality  as  those  of  Schattermann,  the  produce  of  which,  when 
manured  with  ammoniacal  salts  alone,  diminishes  instead  of 
increasing. 

The  greater  the  amount  of  produce  derived  from  land  by  the 
use  of  artificial  manures,  such  as  do  not  restore  to  the  soil  all  the 
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necessary  constituents,  the  more  and  the  oftener  will  the  farmer 
make  use  of  them  ;  and  the  production  of  farm-yard  manure,  by 
which  the  misproportions  caused  by  the  other  manures  alluded 
to  in  the  quality  of  the  soil  are  in  part  corrected,  must  diminish 
in  the  same  proportion.  Many  farmers  will  believe,  but  only  for 
a  time,  that  they  may  dispense  entirely  with  it  under  these  cir- 
cumstances. 

I  entertain  the  hope,  that  perhaps  among  a  thousand  one 
or  two  may  be  found  who  may  be  induced,  by  the  simple 
reflection  that  it  can  do  his  land  no  harm,  to  follow  my  advice ; 
and  I  am  certain,  in  that  case,  that  they  will  acknowledge  in  a 
few  years  the  value  of  this  advice.  Their  heavy  crops*  will 
perhaps  not  be  rendered  heavier  by  the  restoration  of  all  the 
mineral  constituents,  but  they  will  at  all  events  be  rendered  per- 
manent. We  shall  never  have  a  rational  agriculture  until,  by 
such  experiments,  the  law  of  the  fertility  of  the  soil,  in  reference 
to  time,  has  been  brought  home  to  the  minds  of  agriculturists. 

The  final  result  of  my  researches  on  the  nutrition  of  plants 
was,  that  organic  manure  acted  by  its  constituents,  and  that  it 
must  therefore  admit  of  being  replaced  by  these  constituents 
(p.  177). 

A  real  progress  in  agriculture  appeared  to  me  to  be  only  pos- 
sible through  its  emancipation  from  farm-yard  manure,  the  value 
of  which  I  recognised,  and  knew  how  to  estimate  perhaps  more 
accurately  than  any  one  had  done  before  me. 

I  regarded  as  the  problem  of  our  day  the  use  of  artificial 
manure,  containing  in  itself  all  the  efficient  constituents  of  farm- 
yard manure. 

I  expressed  my  views  on  the  principles  of  the  preparation  of 
artificial  manure  in  two  short  papers — '  An  Address  to  the  Agri- 
eulturists  of  Great  Britain^  explaining  the  Principles  and  Use  of 
Artificial  Manures^  and  *  On  AHificial  Manures^  Liverpool, 
1845.  These  papers  were  circulated  at  that  time  both  in  Eng- 
land and  Germany.     I  there  said: — 

"  The  duration  of  the  fertility  of  a  field  depends  on  the  amomit  of  the 
mineral  elements  of  the  food  of  plants  contained  in  it ;  and  its  prodnctive 
power,  for  a  given  time,  is  directly  proportional  to  that  part  of  its  composition 
which  possesses  the  capacity  of  being  taken  up  by  the  plants." — p.  10. 

Again : 

"  It  has  been  shown  that  the  fertility  of  the  soil  depends  on  certain  mineral 
substances.  If  the  restoration  of  the  fertility  of  exhausted  fields,  by  means 
of  the  excreta  of  man  and  animals,  depends  on  their  proportion  of  these 
matters — if  the  effect  of  accelerating  the  vegetation  depends  on  their  propor- 
tion of  ammonia— it  is  clear  that  we  can  only  dispense  with  the  latter  (excreta 
of  men  and  animals)  when  we  provide  all  (their)  efficacious  elements  exactly 
in  those  proportions,  and  in  that  form,  most  proper  for  assimilation  by  the 
vegetable  organism,  in  which  they  are  foimd  in  the  most  fertile  soil,  or  in  the 
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most  efficacious  manure.  According  to  our  present  knowledge  of  the  con- 
stituent (efficacious)  parts  of  manure,  I  feel  convinced  that  it  is  indifferent  to 
the  plants  from  which  source  they  are  derived.  The  dissolved  apatite  of 
Spain,  the  potash  from  feldspar,  the  ammonia  from  the  gas-works,  must 
exercise  the  same  effect  on  vegetable  life  as  the  bone-earth,  the  x>ota8h,  the 
ammonia,  which  we  provide  in  (ordinary)  manure.''  * 

"  We  live  in  a  time  when  this  conclusion  is  to  be  subjected  to  a  compre- 
hensive and  accurate  trial,  and  if  the  result  correspond  with  the  expectations 
we  are  entitled  to  form,  if  animal  excreta  can  be  replaced  by  these  efficacious 
elements,  a  new  era  of  agriculture  must  begin." — p.  19. 

At  the  desire  of  some  friends  I  resolved,  in  1845,  to  make  the 
attempt  to  assist  in  realising  these  views.  I  communicated  to 
them  a  series  of  prescriptions  for  the  preparation  of  artificial 
manures  for  difiFerent  crops,  in  which  ail  organic  constituents 
were  excluded.  The  nitrogen  required  to  increase  the  produce 
was  to  be  added  to  them  in  the  form  of  ammoniacal  salts.  In 
my  paper  on  Artificial  Manures  I  said — 

"  Salts  of  Ammonia. — It  may  be  regarded  as  certain,  that  the  nitrogen  of 
plants  is  derived  either  from  the  ammonia  of  the  atmosphere,  or  from  the 
manure  which  is  provided  in  the  shape  of  animal  excreta,  fluid  and  solid ;  and 
that  nitrogenous  compounds  exercise  an  effect  on  the  growth  of  plants  onfy 
in  so  far  as  they  give  up  their  nitrogen  in  the  form  of  ammonia  during  their 
decomposition  and  decay.  We  may,  therefore,  profitably  replace  all  nitrogenous 
compounds  hy  compounds  of  ammonia,** — ^p.  26. 

Again, 

"  AU  manure  which  is  to  he  used  next  winter,  contains  a  quantity  €f  anr 
monia  corresponding  with  the  amount  of  nitrogen  in  the  grain  and  crow 
which  are  to  he  grown.  Experiments,  in  which  I  am  at  present  engaged,  'wall 
show  whether  in  future  the  cost  of  this  manure  may  not  be  greatly  lessened 
by  excluding  the  half  or  the  whole  amount  of  amnKmia.  I  Iwlieye  that  this 
can  be  accomplished  for  many  plants,  as  for  clover  and  all  very  foliaceoua 
plants,  and  for  peas  and  beans ;  but  my  trials  are  not  so  far  advanced  as  to 
prove  the  fact  with  certainty." — Address,  p.  21. 

The  passages  just  quoted  contain  the  most'  indisputable  proof 
that  the  mineral  manure,  prepared  according  to  my  prescriptions, 
was  to  contain  the  constituents  of  the  ashes  of  the  plants  to  be 
cultivated,  with  a  certain  quantity  of  nitrogen^  in  the  form  of  amr 
moniacal  salts  corresponding  to  the  composition  of  the  cropSy  and 
the  amount  of  nitrogen  required  by  them.  And  the  proof  that 
these  manures  contained  ammonia  as  a  constituent  is  found  in 
the  testimony  of  Mr.  Lawes^  which  establishes  the  actual  pre- 
sence of  ammonia  in  them.  He  says  (Journal,  vol.  viii.  p.  245)^ 
that  he  distinctly  recognized  ammonia  by  its  smell. 

The  object  in  view  was  a  complete  revolution  in  agriculture. 

Farmyard-manure  was  to  be  totally  excluded,  and  all  the 
mineral  constituents  removed  in  the  crops  were  to  be  restored  in 
the  mineral  manure.     The  usual  rotations  were  to  cease. 


*  Verbally,  fh>m  the  German  original,  which  is  printed  in  the  second  edition 
of  A.  Tetzhold's  '  Lectures  on  Agricultural  Chemistry.' 
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^  The  question  was  to  be  solved :  which  of  the  cultivated  plants 
required  ammonia  in  the  manure,  and  which  of  them  could  da 
without  it.  The  manure  was  to  give  the  means  of  raising,  on 
one  and  the  same  field,  uninterruptedly  and  yet  without  ex- 
haustion, the  same  crop,  whether  clover,  wheat,  or  any  other, 
according  to  the  wish  or  necessity  of  the  farmer. 

I  most  readily  admit  that  the  idea  of  these  manures  could  only 
have  arisen  and  taken  root  in  the  brain  of  a  man  of  science^ 
penetrated  and  inspired  by  the  truth  of  his  doctrines,  but  who  had 
before  his  mind's  eye  not  the  actual  state  of  things,  but  an  ideal 
agriculture.  It  was  folly  to  believe  it  even  possible  for  a  prac- 
tical agriculturist  to  enter  into  these  ideas,  or  to  fancy  that  he 
could,  or  wcHild  convert  all  his  fields  into  experimental  fields  for 
the  sake  of  establishing  fixed  laws  for  agriculture  ;  it  was  folly 
to  call  OB  others  to  enter  on  such  an  undertaking  without  any 
prospect  of  being  able  to  devote  to  it  the  tine  and  energy  whi^ 
were  indispensable  to  its  prosecution. 

The  just  pfmishment  of  my  imprudence  has  overtaken  me^ 
for  I  have  been  compelled  t€^  see  that  the  very  efK>rts  I  made 
to  give  to  agric»ltnre  a  scientific  foundation,  hove  only  had 
the  result  of  bringing  agriculture  into  paths  which,  alreadjr 
trodden  for  centuries,  have  led  to  no  permanent  improvement. 

In  1847  appeared  (Journal,  vol.  viii.  p.  226)  the  first  paper 
of  Mr.  Lawes  on  Agricultural  Chemistry,  in  which  he  endea- 
voured to  prove,  by  the  description  of  a  series  of  facts,  that 
the  ncianure  for  wheat,  prepared  by  my  prescription,  had  been 
without  effect,  and  was  of  no  value  to  tke  farmer.  He  proceeded 
without  interruption  from  me  for  some  years,  during  which  I 
was  engaged  in  other  investigations,  till  at  last  I  found,  to  mj 
no  small  surprise,  that,  encouraged  by  my  silence,  he  had  suc- 
ceeded in  changing  the  scientific  direction  of  agricultural  re- 
searches, and  in  bringing  the  subject  back  to  the  very  point 
where  I  had  found  it  and  taken  it  up  in  184(X 

I  had  taught,  that  the  food  of  plarUs  consists  entirely  ofmorgamc 
materials* 

That  carbonic  acid^  ammonia^  and  watery  are  inarpanic  «©«- 
pounds  in  the  groioth  of  plants  :  the  hydrogen  comes  from  the  water^ 
the  carbon  from  the  carbonic  acid,  the  nitregenfrom  the  ammenia^ 

•  *  Manual  of  Chemistry,*  by  Dr.  Tuni^.  Edited  by  Liebig-  and  (kegOEj^ 
1842,  p.  531. 

f  <<  Plants  derive  their  noeriahraeat  exclusiYeiy  firom  tiie  mineral  wodd.  It  is. 
clear  that  the  first  plants  must  have  done  so  ;  and,  altiioagk  the  decaying  vcmsina 
of  former  plants  now  contribute  to  YCgetatioa^  we  shall  see  that  tiiey  do  sawMfar 
mineral  fitrms,  and  not  essentially;  they  promote  yegtlaitioBi,  bat  ase  not  i]idi»> 
pensable  to  it. 

**^The  mineral  food  of  plants,  then^  cwisiate  of  corfctiii*  aeid;  troivr,  and  agnmarim^ 
all  of  which  are  obtained  from  the  atmosphere ;  and  of  svlphiir  (snlphurie  add)^ 
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That  organic  materials  are  parts  or  remains  of  plants  and  ani" 
mals. 

That  organic  manures  are  such  as  contain  parts  of  plants  or 
animals. 

That  inorganic  manures  are  manures  from  which  all  parts  or 
remains  of  plants  and  animals  are  excluded. 

These  doctrines  were  admitted  as  truths  by  all  scientific  men, 
by  all  chemists,  vegetable  physiologists,  botanists,  and  are  still 
regarded  as  true. 

How,  then,  did  Mr.  Lawes  begin  to  raise  doubts  of  the  accu- 
racy of  my  doctrines  ?  From  what  position  did  he  endeavour 
to  persuade  the  farmer  that  the  truths  I  had  taught  were  errors? 
He  did  this  in  the  simplest  possible  way. — (Journal,  vol.  viii.* 
p.  240.) 

^^  Organic  manures  are  those  which  are  capable  of  yielding  to  the 
plants  by  decomposition  or  otherwise^  organic  matter.  Carbon^  hy- 
drogen^ oxygen^  nitrogen. 

"  Inorganic  manures  are  those  substances  which  contain  the  mine- 
ral  ingredients^  of  which  the  ashes  of  plants  are  found  to  consist!* 

So  that  water  (oxygen  and  hydrogen),  ammonia  and  ammo- 
niacal  salts  are,  according  to  Mr.  Lawes,  organic  matters  1 1 

phosphorus  (phosphoric  acid),  alkalies,  earths,  salts,  and  metals,  all  derived  from 
the  soil."     (Gregory's  *  Outlines  of  Organic  Chemistry,'  1843.) 

I  have  quoted  this  passage  to  show  that  in  1843,  and  indeed  long  prior  to  that 
period,  I  had  learned  irom  Baron  Liehig,  and  understood  and  taught  precisely  as 
he  does  in  the  text,  his  doctrine  of  the  food  of  plants.  I  must  also  express  mj 
surprise  that  any  one  should  not  he  aware  that  the  atmosphere  and  all  its  consti- 
tuents, including  carhonic  acid,  water,  and  anmionia,  are  always  regarded  as 
mineral  substances,  and,  as  such,  have  their  place  in  every  system  of  mineralo^. 
The  distinction  made  in  the  food  of  plants  is  not  between  inorganic  and  organic, 
for  the  whole  is  inorganic  or  mineral,  but  between  atmospheric  (gaseous)  and  ter- 
restrial (solid).  The  term  organic  is  only  with  propriety  applied  to  such  manures 
as  contain  parts  of  dead  animals  or  plants.  But  even  these,  before  they  can  serve 
as  food  for  plants,  must  take  inorganic  forms. 

It  is  true  that  chemists  sometimes  speak  of  the  organic  food  of  plants,  meaning 
thereby  carbonic  acid  and  ammonia.  But  this,  which  is  not  a  strictly  correct 
mode  of  expression,  has  reference,  not  to  the  natwe  of  these  substances,  but  to  their 
origiHy  which  is  generally,  but  not  always,  from  the  decomposition  of  organic  sub- 
stances. The  more  accurate  term  would  be  the  gaseous  food  of  plants,  synonymous 
with  atmospheric.  It  is  well  known  that  springs  from  great  depths  onen  contain 
both  ammonia  and  carbonic  acid,  and  that  these  substances  are  also  poured  into 
the  air  from  volcanic  sources,  both  active  and  extinct.  To  such  supplies  the  term 
organic  could  not  with  propriety  be  applied,  any  more  than  to  the  carbonic  acid 
and  ammonia  on  which  the  first  created  plants  must  have  fed.  The  passages 
above  quoted  from  my  '  Outlines '  show  plainly  the  opinions  I  have  always  held 
on  these  points,  and  prove  incontestably  that,  in  speakm^  of  ammonia  as  an  inor- 
ganic or  mineral  constituent  of  the  food  of  plants.  Baron  Liebig,  in  his '  Principles,' 
has  not  had  recourse  to  a  manceuvre  or  ruse,  but  has  simplv  stated  the  fact  as  it  is 
understood  among  chemists.  The  error  is  on  the  side  of  his  opponents,  who  have 
misapprehended  the  occasional  use  of  the  term  organic,  as  applied  to  the  gaseous 
food  of  plants,  and  have  not  clearly  understood  the  distinction  between  the  terres' 
trial  and  atmospheric  food  of  vegetables. — ^W.  G.,  Translator. 
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According  to  this  definition,  which  is  entirely  unknown  to 
science,  a  refutation  of  my  doctrine  was  easy. 

When  I  spoke  of  all  progress  in  agriculture  depending  on  our 
heing  able  to  replace  farmyard-manure  by  its  efficient  inorganic 
constituents,  Mr.  Lawes,  resting  on  his  erroneous  definition, 
proved  that  I  had  maintained  that  we  should  exclude  ammonia 
from  the  manure^  because  ammonia  is  an  organic  compound  1 1 

And  when,  in  my  *  Principles,*  p.  90,  I  said  that  his  experi- 
ments included  the  proof  that  farmyard-manure  (organic  manure) 
could  be  replaced,  in  its  entire  efficacy,  by  mineral  substances 
(for  sulphate  of  ammonia  and  sal  ammoniac,  are  mineral  sub- 
stances), he  replies, — 

^^  Thus,  then,  ammoniacal  salts,  sulphate  of  ammonia,  and  sal 
ammoniac,  are  to  be  classed  as  mineral  manures!  This  is 
indeed  begging  the  question :  but  a  manceuvre  so  transparent  as 
this  would  not  even  require  notice,  were  it  only  addressed  to  the 
scientific  reader."  (*  On  some  Points,'  &c..  Journal,  voL  xvi. 
p.  447.)* 

And  when,  in  the  same  little  work,  as  I  had  always  done  in  my 
book,  and  as  was  indispensable  to  the  understanding  of  it,  I  con- 
sidered ammonia  and  the  constituents,  of  the  ashes  of  plants  as 
contrasted,  in  the  sense  of  air  and  earth  (atmospheric  and  terres- 
trial food  of  plants),  Mr.  Lawes  ventures  to  assert,  that  /  have 
regarded  them  as  contrasted  in  his  sense,  and  HAVE  ALWAYS 
CONSIDERED  AMMONIA  AS  AN  ORGANIC  SUBSTANCE,  which,  from  my 
point  of  view,  was  a  sheer  impossibility  ;  and  he  calls  my  expla- 
nation a  ruse  !  1  **  The  ruse,"  says  he,  "  has  not  been  entirely 
without  success." — (p.  448.) 

His  last  paper  in  this  Journal  is  a  carefully  prepared  attempt, 
not  only  to  call  in  question  my  scientific  qualifications  in  these 
matters,  but  also  to  cast  suspicion  on  my  veracity,  as  if  a  career 
of  thirty-four  years  of  the  most  earnest  and  laborious  efforts, 
entirely  devoted  to  science  and  to  the  welfare  of  mankind,  were 
not  a  sufficient  protection  against  such  unworthy  insinuations. 

The  history  of  agriculture  will  be  a  severe  judge  in  these 
matters.  I  know  well  the  defects  and  imperfections  of  my  book, 
but  no  one  shall  ever  be  able  justly  to  accuse  me  of  not  having 
endeavoured,  with  the  best  will  and  with  all  my  power,  to  ascer- 
tain the  truth,  and  to  correct  the  errors  into  which  I  may  have 
fallen.     On  the  very  first  opportunity  that  offered,  I  admitted 

♦  I  must  refer  the  reader  to  the  last  note  for  proof  that  the  doctrine  here 
represented  as  a  manoeavre  hy  Mr.  Lawes  was  held  and  has  always  been  taught 
by  me,  not  only  in  1843,  but  much  earlier.  In  my  Lectures,  in  common,  I 
believe,  with  all  teachers,  I  constantly  represent  the  Yegetablc  kingdom  as 
building  up  organic  matter  from  inorganic  substances,  and  the^  animal  kingdom 
(with  decay  and  combustion)  as  reconverting  organic  substances  into  the  inorganic 
food  of  plants.— W.  G.,  Tbanslator. 
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the  imperfection  of  my  manure,  and  I  expressed  mj  T^ret  that 
the  idea  which  I  bad  intended  to  realise  had  taken  the  form  o£ 
a  mercantile  speculation.     (^Letters  on  Chemistry^  3rd  edition, 
1851,  p.  482.) 

After  the  third  edition  of  my  book  had  appeared,  in  1843,  ik> 
man  in  Europe  ever  imagined,  up  to  1847,  that  I  had  taught,  that 
the  produce  <^  soils  is  proportional  to  the  mineral  constituents  n^ 
plied  in  the  manure  alone,  or  that  I  had  advised  farmers  to  give  no 
ammonia  in  the  manure  applied  to  grain  crops.  Men  of  science 
and  agriculturists  were  aware,  up  to  the  period  when  the  first 
papers  of  Mr.  Lawes  appeared^  that  I  had  laboured  to  direct  their 
attention  to  certain  fixed  conditions  of  fertility  in  soils,  the  im- 
portance of  which  I  pointed  out  the  more  strongly,  the  less  they 
had  been  previously  attended  to.  The  effect  of  ammonia  was 
knaum  and  established.  Whether,  in  doing  this,  I  committed  an 
error,  the  reader  can  now  decide  for  himself.  All  that  Messrs. 
Lawes  and  Gilbert  have  collected  from  European  and  AmericMi 
journals  in  favour  of  their  views  of  my  doctrine  is  but  a  T^y 
small  fraction  of  the  literature  which  has  appeared  concemii^  it, 
and  is  nothing  more  than  the  echo  of  their  own  mistakes.  It  is  not 
worth  while  to  throw  away  a  word  more  on  these  misrepresentsr 
tions  nor  on  the  incomplete  letter  which  I  am  said  to  have  written 
to  the  '  Revue  Scientifique  et  Industrielle,'  in  Paris,  in  1847  (a 
periodical,  the  editor  of  which  is  unknown  to  me  even  by  name), 
and  the  end  of  which  alone  has  a  rational  meaning,  ^^  that,  as 
soon  as  we  can  dispense  with  the  bulky  farmyard  manure  by 
the  use  of  artificial  preparations,  the  productive  powers  of  our 
fields  are  in  our  hands."  * 

The  experiments,  published  by  Mr.  Lawes  in  1847,  had  ori- 
ginally for  their  object  to  test  the  efficacy  of  the  manure  pre- 
pared according  to  my  prescription  by  Messrs.  Muspratt  and  G>. 
of  Liverpool. 

Mr.  Lawes  calls  the  testing  the  efficacy  of  these  manures 
testing  the  accuracy  of  my  theory.  The  facts  which  showed 
tliat  the  produce  of  his  experimental  fields  was  not  increased  by 
these  manures,  he  calls  proofs.  They  prove,  according  to  him, 
that  manuring  with  the  mineral  constituents  of  wheat  had  no 
effect ;  and  he  concluded  from  this,  that  the  supply  of  these  ooih 

♦  During  my  Tisit  to  my  friend  Dr.  Danbeny  at  Oxford,  I  became  acquainted 
with  Mr.  Proctor  of  Bristol,  a  manufacturer  of  manures,  who  came  to  Oxford  to 
tell  me  that  he  was  indebted  to  my  book  for  the  success  of  his  manures.  He  pays 
attention  to  the  gedogical  quality  of  the  soils,  and  regulates  acoordin^y,  in 
accordance  with  my  principles,  the  composition  of  his  manures ;  and  on  his  own 
fields  he  has  obtained  astonbhing  results.  He  has  been  fortunate  enon^  in 
every  case,  to  satisfy  the  consumer.  I  caused  my  son  Hermann,  who  is  a  prac- 
tical agriculturist,  to  travel  to  Bristol ;  and  what  he  saw  there  agrees  perfectly 
with  the  preceding  statement,  communicated  to  me  by  Mr.  Proctor. 
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stitaentft  from  without  was  of  no  value  for  his  fields  <»  for  the 
soil  of  England  generally  ;  and  as  these  manures  oontwied  the 
constituents  of  the  ash  of  wheat  in  the  quantity  required  for  a 
crop,  and  in  the  proportion  found  by  analyses  to  exist  in  the 
ashes  of  the  wheat  plant,  he  maintains  that  his  unsuccessful 
experiments  with  these  manures  prove  that  the  only  scientific 
basis  for  judging  of  the  value  of  a  manure,  namely,  its  chemical 
composition,  is  fallacious,  and  does  not  hold  good  in  practice. 
Then  he  tells  us  what  his  practice  is.  The  soU,  in  his  practice, 
was  to  receive,  not  the  same  elements,  and  in  the  same  propor- 
tions, as  those  selected  from  the  soil  by  the  plant,  but  proper^ 
tions  dictated  merely  by  fancy,  and,  in  a  chemical  sense,  mix- 
tures destitute  of  all  principle.* 

In  1846,  when  Mr,  Lawes  made  his  experiments  with  my 
manure  for  wheat,  he  proceeded  on  the  impossible  supposition, 
that  a  field,  which  by  a  series  of  crops  had  been  brought  to  the  last 
degree  of  exhaustion,!  consequently  after  he  had  removed  from  it 
six,  eight,  or  perhaps  ten  times  the  quantity  of  mineral  consti- 
tuents required  for  a  crop,  could  be  brought  to  a  maximum  of 
fertility  by  restoring  the  mineral  constituents  of  one  crop,  that  is 
to  say,  the  sixth,  eighth,  or  tenth  part  of  what  had  been  removed. 
He  manured  this  field  with  448  lbs.  of  the  manure  for  wheat 
prepared  by  my  prescription,  which  contains  less  than  half  its 
weight  of  the  constituents  of  the  ash  of  wheat ;  that  is,  he  added 
1  grain  of  ash  constituents  for  4  cubic  feet  of  soil,  redconing  it 
to  the  depth  of  12  inches.  And  he  wonders  that  this  field  did 
not  yield  a  maximum  of  produce.  With  this  minimum  of 
manure  he  might  keep  up  permanently  a  medium  produce  of  the 
field,  but  more  than  this  could  not  rationally  be  expected  finom 
this  experiment.  Had  he  begun  by  adding  six,  eight,  or  ten 
times  the  quantity,  and  continued  the  experiment  by  adding 

*  As  a  historical  cariosity,  I  here  sabjoin  some  of  these  mixtures  .* — 

1.  350  lbs.  superphosphate  of  lime.        Or,  2.  300  lbs.  pearlash. 

84  „  phosphate  of  magnesia.  200  „  soda  ash. 

65  „  phosphate  of  sodL  100  „  sulphate  of  macnesia* 

75  „  phosphate  of  potash.  200  „  caldned  bone-diist. 

65  „  phosphate  of  ammonia.  150  „  snlphiirie  add. 

112  ,f  silicate  of  potash.  200  „  sulphate  of  ammonia. 

145  „  rape  cake.  250  „  muriate  of  ammonia. 

896  lbs.  /  1860  lbs.— /<wma7,  toL  xii.  p.  IS. 

Or,  300  lbs.  superphosphate  of  lime.  Or,  350  lbs.  superphosphate  of  lime. 

420    n    phosphate  of  magnema.  325    ,,  i^ospnate  of  soda. 

720  lbs.  675  lbs.— JoMmo/,  yoL  viii.  p.  19. 

t  The  field  selected  for  the  purpose  litd  been  redneed  to  the  lowest  state  of 
fertility. — Journal,  vol.  viii.  p.  7. 
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annually  the  quantity  corresponding  to  one  crop,  the  result  would 
probably  have  been  very  different 

And,  although  Mr.  Lawes  observed  that  the  small  quantity  off 
my  manure  which  he  used,  by  simply  increasing  the  proportion 
of  ammoniacal  salt  contained  in  it,  and  by  the  addition  of  rape* 
cake,  contributed  to  increase  the  produce  of  his  fields,  and  this^ 
in  the  majority  of  cases,  to  a  greater  extent  than  he  was  able  to 
do  by  the  use  of  his  fanciful  mixtures,  with  equal  additions  of 
ammoniacal  salts  and  rape-cake,  he  yet  maintains  that  he  has 
proved,  that  the  principle  of  the  composition  of  my  manure  is 
fallacious,  and  does  not  hold  good  in  practice. 

The  main  question — that  of  the  comparative  permanence  of 
the  increased  produce,  during  a  series  of  years,  under  the  use  of 
manures  prepared  according  to  the  results  of  analysis,  and  under 
that  of  the  mixtures  imagined  by  him — has  been  entirely  over- 
looked by  Mr.  Lawes.  He  never  thought  of  inquiring  whether 
the  origin  of  the  difference  in  the  efficacy  of  these  manures  for 
wheat,  in  relation  to  time,  the  excess  of  ammonia  and  rape-cake 
being  excluded,  should  not  be  sought  for  in  their  peculiar  form 
and  quality.  He  thought  that  the  facts  observed  by  him  proved 
the  fallacy  of  my  theory,  as  if  he  had  had  any  the  most  distant 
idea  of  testing  the  truth  of  that  theory.  He  made  hundreds  of 
trials  with  his  own  mixtures,  varied  in  ev^ry  possible  way. 
Why,  then,  did  he  not  make  as  many  trials  with  mixtures  pre- 
pared on  my  principles,  and  varied  in  the  same  manner  ?  This 
a  man  of  science  would  certainly  have  done,  before  he  condemned 
my  theory. 

If  a  kind  Providence,  in  compassion  to  agriculture,  were  to  send 
down  on  our  fields  twice  as  much  ammonia  as  is  required  for  a 
full  crop  of  wheat,  this  would  not  be  enough  for  Mr.  Lawes. 
Were  he  permitted  to  express  his  wishes  in  this  matter,  he  would 
address  to  Providence  the  request  that  to  his  fields  and  to  his 
mixtures  a  fivefold  supply  might  be  vouchsafed.*  It  is  only  then 
that  he  can  feel  sure  of  obtaining  something  more  than  one-half 
more  than  his  fields,  without  any  supply  of  ammonia,  produced. 
Such  views  would  be  simply  ridiculous,  were  they  not  so  injurious 
in  their  consequences. 

*  **  I  am  iDclined  to  think  that,  for  practical  purposes,  we  may  assume  5  lbs.  of 
ammonia  to  be  required  for  the  production  of  ever^  bushel  of  wheat  beycod  the 
natural,  yield  of  the  soil  and  season  "  {Journal,  viii.  p.  246).  Again  (p.  482)^ 
•*  We  do  not  intend  to  enter  fully  into  the  question  of  the  accuracy  of  this  estimate^ 
but  we  majr  observe,  in  passing,  that  among  the  plots,  the  history  of  which  we 
have  given  in  the  preceding  pages,  down  to  me  last  harvest,  there  is  not  one,  even 
under  the  best  conditions  as  to  (his,  Mr.  Lawes's)  artificial  mineral  supply,  where 
the  ammonia,  on  an  average  of  seasons,  has  given  an  increase  equal  to  our 
estimate." 
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My  views  are  different  and  may  be  thus  expressed: — A 
<;ertain  mass  of  silver  and  gold  circulates  in  the  world,  and 
Xhe  art  of  becoming  rich  consists  in  knowing  the  way  to  divert^ 
irom  the  main  stream,  an  additional  brook  to  one's  own  house. 
In  like  manner,  there  circulates,  in  the  air  and  in  the  soil,  a  rela- 
tively inexhaustible  quantity  of  the  food  of  plants  ;  and  the  art  of 
the  farmer  consists  in  knowing  and  using  the  means  of  rendering 
this  food  efficient  and  available  for  his  crops.  The  more  he  is 
able  to  divert  from  the  moving  stream  (the  air)  to  the  immoveable 
promoter  of  his  production  (the  soil  of  his  fields),  the  more  will 
the  sum  of  his  wealth  and  of  his  products  increase. 

I  had  advised  farmers  not  to  bestow  their  chief  attention  on 
that  element  of  the  food  of  plants  which  the  heavens  constantly 
shower  on  our  fields,  but  rather  to  care  especially  for  those  con- 
stituents, which  are  not  restored  spontaneously,  or  without  our 
assistance ;  and  considering  that  I  was  well  aware  what  enormous, 
quantities  of  ammonia  are  contained  in  the  soil,  which  ammonia 
was  inefficient  if  the  conditions  of  its  efficiency  were  wanting,  it 
is  easy  to  see  why  I  was  led  to  look  for  the  causes  of  the  efficacy 
of  fallow  in  other  quarters,  and  not  in  the  increase  of  the  amount 
of  ammonia  in  the  soil. 

In  direct  contradiction  to  my  opinion,  and  after  they  had  pre- 
mised (p.  488)  that  in  my  book,  and  especially  in  the  chapter  on 
fallow,  I  had  not  said  a  single  word  of  the  accumulation  of  atmos- 
pheric food  for  plants,  that  is,  of  nitrogen,  in  the  soil,  these 
agricultural  chemists  assert  as  follows : — "  We  maintain  (p.  487) 
that  it  is  by  the  amount  of  this  accumulation  of  available  atmos- 
pheric food  of  plants  toithin  the  soily  rather  than  by  the  amount 
of  liberated  (proper)  soil  constituents,  that  the  increased  produce 
of  grain  will  be  measurable."  Again  (p.  488)  :  "  We  have  our- 
selves, on  more  than  one  occasion,  called  attention  to  the  former 
influences,  and  also  to  the  fact  that  a  study  of  the  properties  of 
the  soil  in  relation  to  the  atmospheric  food  of  plants  promised  to 
be  of  more  value  to  agriculture  than  that  of  the  mere  determination 
of  its  percentage  composition  in  the  mineral  food  of  plants." 
And  as  they  find,  in  my  '  Principles '  (p.  106),  a  sentence  which, 
verbatim  from  p.  82  of  the  German  edition,  is  as  follows  :  "  But 
to  prepare  the  soil,  by  art,  so  that  it  is  enabled  to  collect  from  the 
atmosphere  and  the  sources  offered  to  plants  by  nature  a  maximum 
of  nitrogen ; — this  is  a  problem  worthy  of  scientific  agriculture  ;" 
they  add  (p.  488),  "  We  are  happy  to  have  now  the  sanction  of 
Baron  Liebig  himself"  They  thus  endeavour  to  make  others  believe 
that  they  have  taught  me  the  fact  of  the  presence  of  ammonia  in 
the  soil  (which,  ten  years  ago,  I  determined  in  twenty-two  different 
soils),  and  that  I  ascribed  to  the  ammonia  which  the  soil  acquires 
in  fallow  some  specially  predominant  influence. 

VOL.  XYIT.  Y 
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But  Messrs.  Lawes  and  Gilbert  have,  without  being  aware  of 
it,  supplied  the  most  decisive  proof  that  the  accumulation  of  am- 
monia in  the  soil,  in  one  year,  nas  no  influence  on  the  crop  in  the 
succeeding  year.  They  manured  a  field  in  1845  with  336  lbs.  of 
ammoniacal  salt,  of  which  no  more  than  72  lbs.  could  be  employed 
in  the  increase  of  produce  obtained.  The  residue,  254  lbs.,  which 
remained  in  the  soil,  had  no  influence  on  the  crop  of  1846.  After 
a  new  manuring  with  ammoniacal  salt,  there  was  a  new  residue 
of  206  lbs. ;  but  even  the  two  together  (=  634  lbs.)  was  equally 
without  effect  in  1847.  At  last  the  residue  of  ammoniacal  salt  in 
the  soil  amounted  to  1 192  lbs. ;  but  even  this  had  lost  all  influence. 
In  all  these  trials  with  ammoniacal  salts,  even  when  an  enormous 
excess  was  used,  the  accumulation  of  ammonia  in  the  soil  was 
found  to  have  no  effect  in  the  following  season. 

But  if  in  this  way  clear  proof  is  obtained  that  the  accumulation 
of  ammonia  in  the  soil  does  not  increase  its  fertility  in  the  follow^ 
ing  year ;  if,  moreover,  the  ammonia  be  added  to  the  soil  in  the 
form  of  a  non-volatile  salt,  how  can  it  rationally  be  supposed  ti:at 
the  quantity  of  ammonia  which  is  possibly  conveyed  to  the  soil  by 
the  air  and  rain,  which  is  from  three  to  five  times  smaller,  can 
■  have  a  perceptible  influence  on  the  fertility  of  the  soil  ?  wh&Bk 
we  know,  in  addition  to  all  this,  that  the  soil  contains  many  hun- 
dred times,  nay  often  a  thousand  times,  as  much  ammonia  as  is 
required  for  a  full  crop  of  wheat.  From  this  want  of  effect,  these 
writers  draw  the  conclusion,  that  the  ammonia  has  evaporated  and  has 
been  dissipated  through  the  leaves  and  stalks  !  But  this  conclusion 
is  not  a  fact ;  it  is  a  pure  fancy ;  and  has  been  imagined  in  order 
to  save  their  so-called  theory.  In  a  similar  way  do  they  proceed 
in  a  series  of  experiments  on  the  cultivation  of  turnips.  They 
manured  a  field  for  several  years  with  superphosphate  ^of  limei 
In  1843  it  received  504  lbs. ;  in  1844,  560  lbs. ;  and  in  1845, 
1232  lbs. ;  in  all,  2296  lbs.  of  superphosphate  of  lime.  In  th« 
three  crops  of  turnips  there  were  removed  from  the  soil,  in  each^ 
about  112  lbs,  of  superphosphate,  in  the  three  years  therefore 
336  lbs.,  and  there  remained  in  the  soil  1960  lbs.  of  superphos«> 
phate  for  the  crop  of  the  fourth  year.  But  now  was  presented 
the  strange  circumstance,  that  this  field,  though  it  contained  after 
the  third  crop,  nearly  four  times  as  much  superphosphate  as  was 
supplied  in  the  first  year,  yet  required  to  be  manured,  in  the  fourth 
year,  with  280  lbs.  of  superphosphate,  in  order  to  yield  a  fourth 
crop.  While  504  lbs.  in  the  first  year  had  a  most  marked  effect, 
1960  lbs.,  present,  after  the  third  crop,  had  no  effect  on  the  crop  of 
the  fourth.  There  is  no  room  for  supposing  a  want  of  phosphoric 
acid  ;  for  the  soil  contained,  in  the  fourth  year,  four  times  as 
much  as  in  the  first,  and  yet  lost  its  productive  power.  The 
phosphoric  acid  lost  its  effica<  y !     This  case  is  quite  parallel  to 
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that  of  the  manuring  of  the  wheat  field  with  sulphate  of  ammonia. 
The  sulphate  of  ammonia  in  that  instance,  like  the  phosphoric 
acid  in  this,  lost  its  influence  on  the  crop  of  the  succeeding  year, 
and  if  facts  can  prove  an  erroneous  opinion,  the  arguments  used 
in  the  case  of  the  wheat  field,  when  employed  in  that  of  the 
turnip  field,  will  prove  that  the  phosphate  of  lime  must,  like  the 
9ulphate  of  ammonia,  have  evaporated  through  the  leaves  ;  for  in 
no  other  way  could  it  have  disappeared  or  heen  lost. 

It  never  occurred  to  these  observers  to  inquire,  whether  the 
sulphuric  acid,  in  the  superphosphate,  had  any  effect,  although 
they  might  have  known,  from  the  analyses  of  the  a&hes  of  turnips 
by  Way  and  Ogston,  that  turnips  extract  from  the  soil,  and  un- 
questionably therefore  require,  about  50  per  cent,  more  of  sul- 
phuric acid  than  of  phosphoric  acid. 

Two  of  these  experiments  favour  the  opinion  that  the  chief 
share,  in  the  action  of  the  superphosphate  on  turnips,  belongs  to 
the -sulphuric  acid. 

In  1844  they  manured  the  plot  No.  13  with  400  lbs.  of  bone- 
dust,  258  lbs.  of  sulphuric  acid,  and  134  lbs.  of  common  salt; 
and  they  obtained  14  tons  10  cwt  of  turnips,  with  6  tons  11  cwt. 
of  leaves. 

In  the  same  year  they  manured  the  equal  plot  No.  9  with 
400  lbs.  of  bone  dust  and  muriatic  acid  (=  268  lbs.  of  sulphuric 
acid),  and  obtained  9  tons  9  cwt.  of  turnips,  with  4  tons  6  cwt  of 
leaves.  The  result  of  these  two  experiments  is  clear  and  incontro^ 
vertible.  Tlie  two  plots  received  the  same  quantity  of  pliosphortc 
acid  in  the  same  state  of  so/ubility  ;  both  also  received  chlorine  ;  bttt 
that  which  received  no  sulphuric  acid  yielded  5  tons  of  roots^  and  2 
tons  5  cwt.  of  leaves  less  than  the  other^  whic/i  was  manured  with 
superphosphate  of  lime  and  SULPHURIC  ACID. 

The  enormous  deficiency  in  the  crop  ol  No.  9  cannot  therefore 
be  ascribed  to  a  want  of  phosphoric  a(  id ;  as  little  is  it  due  to 
the  presence  of  chlorine  ;  and  it  is  evident  thai  the  cause  of  the 
difference  must  lie  in  the  sulphuric  acid,  excluded  from  No.  9, 
and  that  this  sulphuric  acid  has  a  principal  share  in  the  effect  of 
superphosphate  of  lime  on  turnips. 

Another  of  their  experiments  is  not  less  remarkable.  In  1843 
they  manured  No.  1  with  12  tons  of  farm-yard  m^ure ;  No.  12 
with  2i  6wt.  of  superphosphate  of  lime,  2  cwt..  of  rape  meal,,  ami 
1  ton  of  sulphate  of  ammonia ;  and  No.  23  with  15  bushels  of 
clay  and  the  ashes  of  weeds.     The  produce  was — 


tong. 
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1.  No.  1     ..      .. 

9 

9 

2 

2.  Ko.  12  ..      .. 

11 

7 

3 

3.  Xo.  23  ..      .. 

11 

1 

3 

To  appreciate  justly  the  significance  of  these  experiments,  «<■ 
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must  remember  that  Messrs.  Lawes  and  Gilbert  ascribe  the  effect 
of  superphosphate  of  lime  to  the  phosphoric  acidy  and  that  of 
farm-yard  manure  to  the  organic  constituents  of  the  straw^  and,  as 
we  might  expect  from  them,  without  their  having  ever  made  an 
experiment  with  phosphoric  acid  alonCy  or  with  straw  alone.  How 
do  they  explain  the  effect  of  the  clay  and  weed  ashes,  which  gave 
a  heavier  crop  than  the  farm-yard  manure,  and  one  almost  equal 
to  that  yielded  by  the  superphosphate  ?  There  can  here  be  no 
question  of  free  phosphoric  acid,  nor  of  an  excess  of  phosphoric 
acid,  nor  even  of  an  error  of  the  press.  The  answer  is  (vol.  viii. 
p.  17) — "  This  is  a  curious  result,  and  indicates  that  certain 
mechanical  as  well  as  chemical  conditions  of  soil  are  essential 
to  a  favourable  and  healthy  development  of  the  organs  of  collec- 
tion." 

To  this  experiment,  the  only  one,  of  all  made  by  them,  which 
deserved  to  be  continued  and  more  accurately  studied,  no  farther 
attention  was  paid.  Possibly  it  might  have  happened  that  this 
experiment  might  have  led  to  the  confirmation  of  the  funda- 
mental proposition  of  my  doctrine. 

To  the  specimens  of  just  reasoning  given  by  Mcssra  Lawes 
and  Gilbert,  I  shall  add  another,  from  a  different  quarter,  which 
is  not  less  striking. 

Messrs.  Chevaudier  and  Salvetat  made,  in  1852,  certain  re^ 
searches  ('  Ann.  de  Chim.  et  de  Physique,'  3rd  series,  vol.  xxxiv., 
p.  307)  in  order  to  discover  how  it  came  to  pass,  that,  of  two 
meadows,  the  one  gave  constantly  a  heavier  crop  of  hay  than  the 
other.  Both  were  meadows  of  irrigation,  but  they  received  the 
water  from  two  different  sources.  One  of  these  was  called  the 
good  spring  (la  bonne  source\  the  other  the  bad  spring  (Ja  maU" 
vaise  source).  That  the  great  difference  in  the  produce  of  the 
two  meadows  depended  on  the  fact  that  they  were  irrigated,  one 
with  the  good,  the  other  with  the  bad  spring,  was  a  point  on  which 
these  two  chemists  had  not  a  shadow  of  doubt.  For  the  ma- 
jority of  agricultural  chemists,  in  all  countries,  resemble  each 
other  in  this,  that  they  never  entertain  any  doubt  of  the  truth  of 
their  opinions.* 

Without  first  trying  whether  the  water  of  the  good  spring,  if 
used  to  irrigate  the  inferior  meadow  would  increase  its  produce, 
or  whether  the  water  of  the  bad  spring  applied  to  the  better 
meadow  would  diminish  its  produce  ;  without  first  deciding  this 
essential  preliminary  question,  Messrs.  Chevaudier  and  Salvetat 
began,  with  an  industry  and  perseverance  which  excite  admira- 
tion, to  measure  the  water  of  the  two  springs  employed  to  irrigate 

*  Chemists  will  think  the  style  of  Mr.  Lawes  very  remarkable.  The  tone  in 
which  he  instructs  me  in  purely  chemical  questions,  is  (jrecisely  that  which  a 
schoolmaster  adopts  in  dealing  with  a  stupid,  obstinate,  and  ill-maanered  boy. 
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Che  meadows.     The  good  meadow  received  annually  255,744 
tons  of  water,  the  other  164,231  tons.     The  water  was  now  ana- 
lysed, and  its  volatile  and  fixed  ingredients  were  determined.   The 
liay  of  both  meadows  was  subjected  to  ultimate  analysis,  and  no 
<3ifrerence  was  found  in  the  composition  of  the  hay.     The  water 
of  the  bad  spring  contained  20  per  cent,  more  of  mineral  sub- 
4Stances  and  30  per  cent  more  of  organic  substances  than  that  of 
the  good  spring.     What  then  was  the  cause  of  the  extraordinary 
<liffcrence  of  produce  ?     They  found  that  the  water  of  the  good 
spring  contained,  in   1847,  15  kilogrammes  ;  in  1848,  23  kilo- 
grammes, of  nitrogen,  more  than  that  of  the  bad  spring ;  and  the 
explanation,  corresponding  to  theory,  was  at  once  secured. 

The  23  kilogrammes,  or  483  lbs.  of  nitrogen,  which  the  one 
meadow  received  in  the  water,  more  than  the  other,  was  pointed 
out  by  these  chemists  as  the  cause  of  the  increased  produce  of 
that  meadow,  which  increase  amounted  to  14,440  lbs.,  or  6*44 
tons  of  hay. 

In  other  words,  the  one  meadow  produced,  in  the  form  of  hay, 
144  lbs.  of  nitrogen  more  than  the  other  (calculating  the  nitrogen 
in  hay  at  1  per  cent.),  and,  at  the  same  time,  four  times  as  much 
potash,  phosphoric  acid,  silicic  acid,  &c.,  as  were  contained  in  the 
produce  of  the  inferior  meadow.  And  the  48*3  lbs.  of  nitrogen 
which  produced  these  miraculous  effects  was  supplied  to  the 
meadow  in  the  form  of  irrigation  with  water,  containing  in  77 
gallons  1  grain  of  nitrogen  more  than  the  water  of  the  other 
spring.  Whether  1  part  of  ammonia  dissolved  in  6J  millions  of 
parts  of  water  would  have  raised  the  produce  of  the  inferior  mea- 
dow to  the  level  of  that  of  the  better  one,  was  of  course  not  tried, 
for  the  object  of  these  chemists  was  not  to  ascertain  the  truth,  but 
to  prove  their  theory ;  and,  in  this  point  of  view,  the  soil  and  its 
constituents  had  evidently  nothing  to  do  with  the  question. 

We  may  see  by  this  example  to  how  great  an  extent  the  theory 
which  teaches  that  nitrogen  is  the  turning  point  of  agriculture, 
disturbs  the  judgment  and  confuses  the  understanding  of  really 
intelligent  men ;  and  that  the  prodigious  expenditure  of  labour 
in  chemical  analyses  in  such  circumstances  is  nothing  but  out- 
ward show  and  stage  decoration  ;  it  is  the  shell  of  a  fruit  without 
kernel  or  contents.  No  one  certainly  will  expect  of  an  agricul- 
tural chemist  that  he  should  have  studied  Lord  Bacon's  work 
'  De  Augmentis,'  or  his  *  Novum  Organum,'  before  he  begins  to 
make  experiments;  but  sound  reason  demands,  that  when  a 
man  draws  conclusions  and  makes  inferences  he  should  first  take 
all  possible  pains  to  establish  accurately  his  premises  and  data. 
If  he  neglect  this,  he  can  effect  nothing  of  any  value,  how  great 
soever  may  have  been  the  outlay  of  labour,  time,  patience,  and 
skill  in  his  experiments. 


326  Agricultural  Chemistry. 

We  must  never  forget  that  any  change  in  our  methods  or  if^ 
the  direction  of  men's  thoughts,  whether  in  science  or  in  arts  om^ 
professions,  can  only  be  very  gradually  effected,   and  that  th^^ 
refutation  of  errors  which  are  held  as  truths  is  infinitely  difficult^^ 
because  truth  itself  appears  to  be  error.      In  all  ages  and  oi^ 
every  such    occasion  the  old   falsehood   has  stood  at  the  dooC=^ 
when  a  new  truth  desired  admission.     The  true  doctrine  is  to  ^ 
recognised  by  this,  that  it  has  roots  and  that  it  grows. 

To  myself,  in  regard  to  the  chemical  theory  of  agriculture, 
believe  I  may  apply,  without  presumption,  what  Macaulay  i 
of  Bacon : — 

"  He  was  not  the  maker  of  that  road ;  he  was  not  the  discoverer  of  that 
road ;  he  was  not  the  jxirson  who  first  surveyed  and  mapped  that  road.  Buf 
he  was  the  person  who  first  called  the  public  attention  to  an  inexhsustibk 
mine  of  wealth,  wliich  had  been  utterly  n^lected,  and  which  was  acoesriUfl^^^ 
by  that  road  alone.  By  doing  so  he  caused  that  road,  which  had  previously 
been  trodden  only  by  peasants  and  higglers,  to  he  frequented  by  a  higher  i 
of  travellers." 

Munichf  April,  1856. 
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L — 0:i  *  Rtdge-and'Furrow '  Pasture  Land^  and  a  method  of 
levelling  it.    By  Chandos  Wren  Hoskynsl 

To  THE  ChAIBMAN  OF  THE  JOUBNAL  COMMITTEE. 

The  only  case  in  which  I  have  ever  known  of  harm  mixed 
with  the  good  done  by  the  draining-tile  has  been  in  that  of  old 
dairy  pastures  lying  in  *  ridge  and  furrow.'  In  most  dairying 
districts  there  is,  as  you  know,  a  great  deal  of  such  old  pas- 
ture, much  too  valuable  to  break  up,  and  which  has  been  lying 
in  that  form  perhaps  for  centuries,  always  ready  in  a  hot  sum- 
mer to  burn,  upon  the  ridge,  and  always  swampy  at  winter 
time,  and  a  nursery  of  unwholesome  aquatic  grasses,  in  the 
furrow.  The  cheese- and-butter-making  qualities  of  such  land, 
in  the  districts  I  am  speaking  of,  stand  nevertheless  so  far 
above  any  other  use  it  could  be  applied  to,  and  are  so  impos* 
sible  to  reproduce^  that  the  idea  of  breaking  up  is,  and  with 
truth,  regarded  as  an  insult  to  the  genius  loci.  Every  soil  has 
its  native  characteristic ;  and  that  of  the  land  I  am  describing 
(of  the  '  clay-farm '  variety)  is  beyond  all  question  less  resjk>n- 
sive  to  the  plough  than  to  the  milk-pail. 

But  having  been  laid  doum  (if  so  it  can  be  termed)  long 
before  the  drain-tile  was  in  common  use,  it  is,  from  its  form  of 
surface,  stereotyped  to  perpetual  suffering  from  the  alternate  evils 
I  have  described.  And  when  you  come  to  the  attempt  to  cure 
the  one  by  drainage, 

"  Incidis  in  Scyllam  cupiens  vitare  Chary bdim,'* 

you  make  the  other  worse.  This  is  no  fanciful  *  complaint:' 
it  is  literally  and  experimentally  true.  And  its  truth  is  due  to 
the  obvious  fact,  that  by  this  artificial  corduroying  of  the  surface 
you  have  put  yourself  out  of  nature's  court,  and  out  of  the  benefit 
of  her  undeviating  laws.  In  other  phrase,  you  have  altered  the 
balance  of  percolation  and  capillary  attraction,  to  which  good 
drainage  owes  its  efficacy  and  equality  of  action.  The  tenant 
tells  you  that  his  best  dairy-piece  is  spoilt  by  being  laid  too  dry  ! 
Strange  as  the  words  always  sound  in  a  wet  clay  district,  they 
turn  out  to  be  more  fully  verified  every  year ;  and  the  stiffer 
the  soil,  the  more  time  they  are  likely  to  be,  because  in  such  soil 
the  roots  of  grasses  on  the  sun-baked  ridge  have  more  difficulty 
in  descending  for  moisture  below  the  mean  level. 

In  fact,  after  drainage,  the  mean  level  of  the  ridge-and- furrow 
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(by  which  nature  had  before  striven  for  a  kind  of  give-and-tak^ 
compensation  of  too  wet  and  too  dry)  is  gone ;  the  crown  of  tb^ 
ridge  is  isolated,  raised  out  of  reach  of  the  re-active  moisture  froixx 
below,  that  supports  the  level  herbage  of  a  meadow  in  lonfT 
droughts,  and  confirms  the  benefit  of  the  draining-tile  under  sl 
level  surface  by  the  increased  *  capillation '  set  up  in  the  soil. 
This,  I  repeat,  is  lost,  and  worse  than  lost,  upon  the  convexities 
presented  by  the  ridge-and-furrow. 

The  experience  of  this  evil,  now  well-established,  in  the 
quarter  I  speak  of,  has  led  me  to  try  several  methods  of  levelling 
the  surface  of  such  lands — I  mean,  of  course,  without  breaking 
up ;  and  I  am  tempted  to  submit  to  you  a  mode  of  doing  this 
which  I  have  been  led  to,  as  the  most  efficacious  and  economical 
I  can  discover,  and  which  has  the  advantage  of  greatly  improving 
both  the  amount  of  pasture  and  its  dairying  qualities.  To  some 
it  may  not  be  new — it  is  difficult  in  agriculture  to  find  anything 
that  is  so ;  but  it  is  by  no  means  difficult  to  name  many  things 
that  are  "not  new"  and  "not  bad,"  which  are  nevertheless 
unknown  and  unadopted  where  they  are  most  wanted ;  and  at 
least  I  can  say  that,  simple  as  the  method  is  I  shall  try  to  describe, 
I  have  never  seen  it  attempted  elsewhere ;  and  even  by  some 
who  have  all  their  lives  been  longing  to  level  park  land  and 
pasture  fields  that  they  have  regarded  as  an  eyesore  in  their  ridge- 
and-furrow  outline,  the  cure  has  been  considered  hopeless  without 
either  enormous  expense  or  the  fatal  recourse  to  breaking  up. 

The  plan  is  this  : — ^Take  a  common  broad-shared  ridging-up 
plough,  without  the  mould-boards  on  either  side  (one  of  Bentall's 
answers  the  purpose  very  well) ;  let  the  horses  be  led  carefully 
along  the  centre  of  every  alternate  ridge,  splitting  and  slightly 
under-paring,  without  turning,  the  turf  on  tlie  crown.  Then,  by 
hand-work,  let  the  turf  be  rolled  over  (in  widths  of  about  two  feet 
each)  towards  the  furrow  on  either  side,  to  a  point  a  little  beyond 
the  shoulder*  of  the  ridge,  so  as  to  expose  the  soil  on  the  upper 
half  of  the  ridge.  Plough  this  soil,  opening  out  a  fuiTow  in  the 
centre,  and  gathering  towards  it,  as  is  done  in  the  common 
*'  gathering  up  "  for  wheat-sowing.  Then,  by  spade-work,  throw 
out  the  soil  thus  loosened  in  equal  portions  upon  the  adjacent 
furrows  right  and  left.  Dig  the  second  soil  (it  is  not  subsoil  in 
the  true  sense  of  the  word,  but  the  original  top-soil  f  of  that  place), 
cutting  it  tolerably  fine,  and  roll  back  the  turf  u}X)n  it.  Bear 
always  in  mind  that  this  is  only  done  upon  each  alternate  ridge : 
but  that  the  soil  thus  thrown  out  and  distributed  will  lie  upon 
everr/  furrow,  which  will  thus  receive  upon  their  surfaces  a  dress- 

♦  The  point  equidistant  from  the  crown  of  the  ridge  and  the  bed  of  the  furrow. 
t  I  prefer  throwing  this  into  the  furrows,  casting  /or irar</  the  top  soil. 
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-ing  of  haJf  the  soil  originally  taken  from  them.  This  may  be 
<lone  any  time  during  the  winter,  and  the  rougher  it  is  thrown  on 
the  better.  In  the  dry  weather  of  March,  let  this  soil  be  rolled 
and  bush-harrowed  up  and  down  the  ftirrow.  The  herbage  soon 
^ets  through  it,  and  comes  up  with  the  utmost  luxuiiance.  In 
two  summers  the  soil  will  have  entirely  disappeared  in  the 
£urrows,  and  the  grass  have  acquired  a  deep  fresh  greenness  that 
shows  how  the  heavy  dressing  of  soil  has  refreshed  it :  that  on 
the  ridge  being  equally  benefited  by  the  under-digging. 

Leaving  it,  then,  for  a  couple  of  summers  or  more,  according 
to  discretion,  proceed  the  following  or  any  succeeding  winter  in 
the  same  manner  with  the  alternate  ridges  that  remain.  The 
field  is  then  level ;  the  whole  of  the  soil  in  its  original  place, 
from  which  it  was  formerly  removed  by  the  plough ;  and  the 
-whole  of  the  pasture  refreshed  to  a  degree  which,  independently 
of  the  object  of  levelling,  exhibits  the  two  greatest  improve-, 
inents  of  which  old  turf-land  is  susceptible,  namely,  under-digging 
and  top-dressing  with  soil. 

Before  I  come  to  the  question  of  expense  (which  will  have 
-  appeared  greater  than  it  really  is  in  practice,  from  the  necessary 
length  and  minuteness  of  a  description  detailed  enough  to  work 
by),  let  me  just  say  that  the  work  may  be  done  in  the  same  time, 
and  with  still  better  effect,  if  instead  of  the  alternate  furrows 
every  fourth  furrow  be  in  the  first  year  operated  upon,  and  the 
soil  cast  over  two  furrows  on  each  side  instead  of  one,  thus 
lightening  the  dressing,  and  not  endangering  the  least  smothering 
of  the  grass,  or  lateness  of  herbage.  Every  winter,  or  every 
alternate  winter,  the  remaining  ridges  may  be  proceeded  with ; 
so  that  the  mean  level  of  the  field  may  be  attained  by  a  process 
of  top-dressing  suited  to  the  circumstances,  and  less  costly  than 
that  so  commonly  seen  of  hauling  soil  from  considerable  distances, 
making  and  turning  it  in  "  buries,"  and  recarting  it  over  the  field. 

In  this  latter  plan,  the  spade-work  is  employed  upon  only  one 
eighth  part  of  every  acre  in  each  year,  or  each  alternate  year ; 
the  ridges  disappearing  gradually,  and  those  that  remain  appearing 
less  and  less  elevated  as  the  dressings  of  soil  gradually  raise  all 
the  adjacent  furrows.  In  adopting  the  latter  course  I  have  found 
it  lighten  the  work  if  the  spadesman  throw  the  heavier  dressing 
upon  the  nearer  furrow,  casting  only  every  third  spadeful  upon 
the  further  one.  When  he  comes  to  do  the  intermediate  (alter- 
nate) ridge,  the  following  winter,  he  adjusts  the  proportion  by 
doing  the  same  again,  two  spadefuls  falling  this  time  where  the 
one  lell  before. 

And  now,  in  approaching  the  important  question  of  cost,  let 
me  premise  that,  in  order  to  reduce  the  ridges  of  a  field  to  its 
meanlevel,  a  much  less  quantity  of  soil  is  actually  required  to  be 
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moved  than  the  eye  leads  one  to  suppose.  The  eye,  measuring 
always  from  the  bed  of  the  furrow  to  the  crown  of  the  ridge,  sees 
the  evil  double.  Six  inches  of  soil,  moved  from  the  one  space 
and  laid  on  the  other,  making  a  foot  of  perpendicular  height 
between  the  two,  constitutes  a  high  ridge.  Obvious  as  this  is, 
the  illusion  is  constantly  recuning  out  of  doors ;  and  it  is  not 
until  t\ie  spade  begins  its  work,  and  every  spadeful  does  its 
double  office  at  one  cast,  sinking  the  high  and  raising  the  low  as 
it  falls,  that  the  exaggeration  is  practically  detected.  This  would 
apply ^  if  even  all  the  ridges  were  operated  on  at  once ;  but  as 
this  would  smother  the  grass  in  the  furrows,  the  labour  is  again 
subdivided  by  taking  only  the  alternate  ridges,  and  casting  half 
the  soil  on  eitlier  side ;  and  again  still  farther,  when  by  taking 
every  fourth  ridge  only,  the  furrow  is  insensibly  raised  by  repeated 
top-dressings,  averaging  only  an  inch  and  a  half  of  soil  each  year, 
and  at  the  end  of  four  years  still  amounting  to  only  half  the  depth 
of  that  difference  of  altitude  that  originally  met  the  eye.  Bat 
whilst  the  action  on  the  furrows  is  thus  gradual,  each  ridge  when 
done,  as  its  turn  comes,  is  done  for  ever,  being  reduced  at  once 
to  the  medium  level,  which  the  furrows  have  not  yet  reached. 
Yet  when  all  the  work  is  completed,  the  spade  has  been  employed 
only  upon  half  the  land ;  the  other  half  having  done  itself,  so  to 
speak,  by  the  fall  of  every  spadeful  taken  up. 

Against  this,  however,  is  to  be  put  the  digging  of  the  second 
layer  of  soil  left  upon  the  ridge  after  removal  of  its  surplus.  But 
any  one  who  has  seen  the  after  effect  of  this  imder-digging  upon 
the  herbage  will  admit  that  this  part  of  the  process,  any  more 
than  the  top-dressing  bestowed  upon  the  furrows,  is  not  to  be 
charged  as  unproductive  labour.  I  remember  seeing  some  years 
ago  the  report  of  an  experiment  in  the  actual  paring,  under- 
digging,  and  replacing  of  some  old  turf,  in  which  the  process, 
expensive  as  it  must  of  necessity  have  been,  was  described  as 
repaying  the  outlay.  This  I  should  doubt,  though  from  experi- 
ence I  can  bear  full  witness  to  the  extraordinary  improvement  it 
produces  both  in  the  quantity  and  quality  of  the  grass.  Still  the 
testimony  is  good,  valeat  quantum,  in  relief  of  the  incidental 
charge  which  the  present  case  involves  for  the  same  operation . 
upon  one  fourth  or  (in  the  latter  mode  described)  one  eighth  of 
the  land  each  year. 

The  bill  of  costs  stands  thus : —  «  ^ 

Paring  and  rolling  back  turf  on  one  quarter  of  an  acre,  and 

rolling  again  into  place 0  12     6 

Ploughing  top-soil,  ditto  (quarter  acre) 0    2     6 

Throwing  forward  top-soil,  digging  second  soil,  and  casting 
into  adjacent  furrows  (ditto) 0  15     0 

Total  cost,  Ist  year      £110    0 
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The  repetition  of  this  process,  after  the  prescribed  lapse  of  a 
couple  of  years,  will  bring  the  total  outlay  on  the  acre  to  about 
S/.,  a  considerable  expense,  no  doubt,  but  the  increased  luxuri- 
ance of  the  herbage  appears  to  me  to  nearly  repay  it ;  though  it 
-^vill  be  observed  that  1  am  not  speaking  of  it  in  the  light  of  an 
ordinary  farming  operation. 

In  cases  where  I  have,  on  ploughing  the  exposed  soil  of  the 
ridge,  found  the  subsoil  inferior,  I  have  thrown  forward  the  top- 
soil  (as  in  double-digging),  and  cast  out  the  second  spit  of  earth 
on  the  adjacent  furrows,  where  its  exposure,  with  crushing  and 
liarrowing,  quickly  mellow  it ;  and  I  have  never,  in  the  'worst 
ease,  seen  any  but  good  effect  upon  the  undergrowth  of  herbage 
in  the  furrow.  Of  course,  I  am  speaking  throughout  of  grass- 
land which  has  been  drained,  and  where  the  crown  of  the  ridge 
is  found  too  dry. 

Wroxhall  Abbey^  March,  1866. 


II. —  Contagious  Disease  among  Cattle  in  Mecklenburg. 

Foreign  Office,  Jnne  I2th,  1856. 
Sir, — I  am  directed  by  the  Earl  of  Clarendon  to  transmit  to  you, 
to  be  laid  before  the  President  and  Council  of  the  Royal  Agricul- 
tural Society,  the  accompanying  copy  of  a  Despatch  from  Colonel 
Hodges,  Her  Majesty's  Consul-General  at  Hamburg,  enclosing  a 
Second  Report  from  the  British  Vice-Consul  at  Liibeck,  respecting 
the  contagious  disease  that  has  broken  out  among  the  cattle  in 
Mecklenburg.  I  am.  Sir,  &c., 

The  Secretary  of  the  E.  HamMOND. 

JRoyal  Agricultural  Society. 


Lubeck,  May  30th,  1856. 
Sir, — In  my  Despatch  of  the  17th  instant  I  had  the  honour  to 
report,  that  in  consequence  of  a  contagious  disease  having  broken 
out  among  the  horned  cattle  in  Mecklenburg,  the  Liibeck  Govern- 
ment had  issued  sanatory  regulations,  to  be  enforced  in  case  the 
disease  should  appear  within  the  Lubeck  territory,  and,  as  a  pre- 
cautionary measure,  had  enjoined  that  no.  homed  cattle  should  be 
allowed  to  enter  the  Lubeck  territory  from  the  Duchies  of  Meck- 
lenburg-Schwerin  and  Mecklenburg-Strelitz,  except  such  as  were 
certified  by  the  competent  authorities  to  be  entirely  free  from  the 
disease. 

After  consulting  several  German  works  on  the  subject,  and, 
among  others,  the  excellent  '  Thierheilkunde^  by  Professor  Bau- 
meister  and  Dr.  Duttenhofer  (1  vol.  8vo.  Stuttgart,  1844),  I  am 
impressed  with  the  conviction  that  the  measures  adopted  to  pre- 
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vent  the  introduction  of  this  fatal  disease  or  murrain  into  a  ^v«l^ 
country  cannot  be  too  stringent  or  too  rigorously  enforced. 

In  the  notification   issued  by  the   Liibeck  Government,  th^ 
Mecklenburg  murrain  is  termed  "  a  pulmonary  disease  "  {^Lungen^'^^ 
seuche)  among  homed  cattle.     There  are,  however,  two  kinds  ot^" 
murrain  described  in  the  works  which  I  have  consulted:  ooe, 
called  in  German  Rinderpest^  or  Mindrichseucltey  or  Ldserdbrre^ 
and  which  might  appropriately  be  termed  THE  Steppe  Murraix  ; 
the  other  called  Lungenseuc/te^  or  Lungenfaule^  or  Lungenbrand^ 
and  which  may  be  termed  in  English  the  Pulmonary  MURRAIN. 
Both  are  equally  contagious  and  almost  equally  fatal ;  and,  in  a 
sanatory  point  of  view,  may,  in  fact,  be  regarded  as  identical. 
The  following  account,  condensed  from  the  articles  in  the  works 
consulted,  will  afford  the  necessary  information  respecting  them : — 

The  Steppe  Murrain. — Origin. — ^The  original  seat  of  this 
fatal  disease  is  the  steppe  land  of  Southern  Russia,  where  it  first 
appeared,  or,  at  least,  was  first  noticed  and  scientifically  described 
towards  the  middle  of  the  seventeenth  century,  since  which  it  has 
been  endemic  among  the  homed  cattle  of  the  steppes,  both  of  the 
Russian  steppes  and  the  steppes  of  Siberia  and  Tatary  (com- 
monly, though  erroneously,  called  Tartary,  and  still  more  erro- 
neously Independent  Tartary),  and  has  at  various  times  become 
epidemic  and  spread  to  Hungary  and  Poland,  and  thence  to  Ger- 
many and  Western  Europe.  It  has  been  calculated  that  during 
the  last  century  alone  this  murrain  carried  off  28,000,000  head  of 
cattle  in  Germany,  and  in  the  whole  of  Europe  (including  Russia, 
but  exclusive  of  Siberia  and  Tatary)  upwards  of  200,000,000. 
It  has  frequently  prevailed  in  the  Duchies  of  Schleswig  and 
Holstein,  especially  from  1774  to  1781,  when  150,000  head  of 
cattle  perished.  In  1813  it  again  broke  out  in  the  Duchies,  but 
was  speedily  checked  and  eradicated  by  the  stringent  measures 
and  police  regulations  adopted  by  the  Danish  Government 

St/mptoms, — From  the  taking  or  first  attack  of  the  disease,  to 
its  breaking  out,  seven  days  generally  elapse,  during  which  the 
cattle  attacked  are  at  limes  more  dull,  at  times  more  lively,  than 
usual.  They  hold  down  their  heads,  butt  with  their  homs,  fre- 
quently low,  and,  when  driven  to  water,  often  jump  about  and 
become  quite  unruly.  Sometimes  they  take  their  food  and  chew 
the  cud  with  unusual  quickness  ;  sometimes  not  at  all.  Towards 
the  fifth  day,  respiration  somewhat  affected,  an  unfrequent  but 
short  dry  cough,  back  somewhat  bent,  and,  when  stroked,  unu- 
sually sensitive.  Eighth  day  :  disease  breaks  out :  hair  stands  on 
end  ;  eyes  fixed  and  dull ;  nostrils  and  muzzle  hot  and  dry  ;  inside 
of  mouth  hot  and  of  a  deep  red ;  gums  spongy  and  swollen,  and 
marked  with  red  spots     front  teeth  loose  ;  hide  hard,  like  parch- 
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sment,  and  adhering  to  bones ;  ears  and  horns  febrile,  with  alter- 
stations  of  ^reat  heat  and  cold ;  respiration  accelerated,  but  deep, 
^^with  visible  motions  of  nostrils ;    cough  more  frequent,  violent^ 
s^nd  ringing;  pulse  hard,  from  seventy  to  seventj-five  pulsations 
jper  minute ;  appetite  entirely  gone,  though  some  cattle,  in  this 
sstage  of  the  disease,  take  their  food  as  usual ;  most  of  them  are, 
liowever,  unquiet,  toss  up  their  heads,  shiver,  and  gnash  their 
teeth  ;  if  stroked  on  the  back,  they  bend  down  and  low  mournfully, 
seldom  lie  down,  and,  when  they  do  so,  instantly  get  up  again ; 
^void  excrements  frequently,  urine  seldom  ;  in  voiding  excrements, 
1>ack  much  bent,  tail  turned  high  up,  animal  turning  its  head 
-towards   the   rump  and   striving   to   lick  it;   excrements  dark- 
coloured,  hard,   dry,  ustulatious  pellets;   urine  red  and  clear; 
fever  intenser  in  the  evening  than  in  the  morning,  and,  as  it 
increases,  animal  shakes  its  head,  shivers,  gnashes  its  teeth,  and 
refuses  to  take  food.     Cows  give  but  little  milk,  which  is,  how- 
ever, more  creamy  than  usual. 

Ninth  and  tenth  day :  fever  becomes  putrescent,  small  white 
pustules  break  out  in  the  mouth,  which,  when  they  burst,  leave 
dark  red  spots  that  easily  bleed ;  similar  pustules  appear  in  the 
nostrils  and  between  the  clefts  of  the  hoofs  ;  hide  in  some  places 
intumescent ;  eyes  dim,  eyelids  hanging  down ;  from  the  eyes 
flows  a  pituitous  lachrymose  humour,  which  dries  up  at  the  edge 
of  the  nostrils ;  nostrils  exude  a  dingy-white  viscous  humour ; 
tongue  shrivelled,  and  often  hanging  loose  out  of  the  mouth, 
covered  with  an  impure  saliva ;  teeth  loose ;  mucous  membrane 
of  mouth  sebaceous,  and  falling  off  in  large  pieces ;  breath  putrid 
and  nauseous  ;  muzzle  hard  and  cracked,  like  the  bark  of  a  tree ; 
hair  rough  and  without  the  least  gloss  ;  parchment-like  hide,  now 
covered  in  some  places  with  nodules,  on  which  appear  small 
pustules  containing  a  yellowish  humour ;  pustules  burst,  humour 
dries  up,  and  a  mangy  eruption  ensues,  commonly  on  the  back, 
anus,  and  udder ;  rumination  ceases ;  animal  reduced  to  a  skele- 
ton ;  pulsation  80  to  100  per  minute ;  respiration  quick,  wailing, 
and  painful;  alternations  of  heat  and  cold;  on  the  side  of  the 
more  diseased  lung  heat  greater  and  of  longer  duration ;  excre- 
ments, previously  hard,  are  now  soft,  loose,  and  watery.  This 
slate  is  followed  by  choleraic  dianhoea,  with  acrid,  purulent, 
brownish,  or  blackish  green  faeces,  smelling  like  carrion.  If  con- 
stipation now  ensues,  the  animal  swells  up  and  soon  dies.  If, 
instead  of  diarrhoea,  a  more  natural  evacuation  of  the  bowels  takes 
place ;  if  the  animal  warmth  becomes  more  normal,  respiration 
more  free,  pulse  slower  and  fuller;  if  the  hide  scales  off,  and 
regularly  running  sores  (abscesses)  are  formed,  recovery  may  be 
expected.  This  is,  however,  very  seldom  the  case,  the  above- 
mentioned  symptoms  generally  increasing  after  a  short  illusory 
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amelioration.  The  animal  .then  staggers,  falls,  rolls  on  the 
ground,  gasps  for  breath,  swells  up,  is  seized  with  convulsions, 
and  dies. 

Treatment. — In  respect  to  the  treatment  of  the  disease,  writers 
differ  materially,  some  recommending  bleeding,  others  strongly 
condemning  it  Professor  Baumeister  and  Dr.  Duttenhofer  pre- 
scribe, as  a  remedy  in  the^r^^  stage  of  the  disease,  calomel  2  dr., 
burnt  acorns  i  oz.,  marsh-mallow  \  oz.,  made  up  with  honey  into 
pills,  two  or  three  of  which  to  be  administered  daily  ;  but  another 
writer  (Martens)  candidly  admits  that  none  of  the  innumerable 
remedies  hitherto  prescribed  have  been  of  much  efficacy. 

Contagious  character. — All  the  writers  I  have  consulted  concur 
in  regarding  this  murrain  as  in  the  highest  degree  contagious. 
Hide,  hoofs,  horns,  in  short  every  part  of  the  animal,  as  well  as 
the  excrements,  are  impregnated  with  the  virus,  which  is  more- 
over so  vola{ile  that  it  may  be  communicated  at  the  distance  of 
twenty  paces.  In  the  open  air  the  virus  loses  its  /orce  in  six 
days,  but  when  closed  up  retains  it  for  months.  The  contagion 
is  limited  to  horned  cattle — other  animals,  as  well  as  human 
beings,  not  being  affected  by  it.  The  mortality  among  the  cattle 
attacked  by  the  disease  averages  in  the  steppes  50  per  cent.  ;  in 
Germany  from  80  to  90  per  cent  During  the  first  stage  of  the 
disease  the  tlesh  retains  its  natural  colour,  and  may  be  eaten 
without  detriment.  It  afterwards  becomes  pale,  withered,  and 
nauseous,  and  is,  of  course,  unfit  for  food. 

JPrecaiUionary  measures. — When  the  disease  breaks  out,  or  is 
in  an  adjacent  country,  the  most  stringent  regulations  to  prevent 
its  spreading  or  introduction  should  be  instantly  adopted  and  duly 
enforced  by  the  competent  authorities.  The  most  effectual  waj 
of  checking  the  disease  would  be  to  slau2:hter  the  cattle  attacked 
by  it  at  once.  But  whether  they  be  slaughtered  or  die  of  the 
disease,  their  carcasses  as  well  as  their  excrements  should  be  burnt 
or  otherwise  destroyed,  or  at  least  thrown  into  deep  pits,  dug  for 
the  purpose,  and  carefully  covered  up  with  earth.  The  hides,  if 
preserved,  should  be  tanned  as  soon  as  possible.  •  The  clothes  of 
the  attendants,  tlie  stalls,  cowhouses,  &c.,  should  be  purified  with 
chlorine,  and  the  cowhouses  well  ventilated  before  other  cattle 
are  stalled  in  them. 

The  Pulmonary  Murrain. — Origin  or  cause. — Marshy  mea- 
dows, bad  and  too  irritating  food,  as  frozen  potatoes,  &c.,  want  of 
fresh  water,  removal  to  another  district,  and,  above  all,  infection. 

Symptoms. — ^The  disease  is  described  as  an  induration,  with  a 
sarcose  change  in  the  texture  of  the  lungs.  The  symptoms  are 
much  the  same  as  those  of  the  steppe  murrain  ;  in  fact  so  similar, 
that  the  two  diseases  are  often  confounded.     The  first  stage  of  the 
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disease,  indicated  by  a  short  dry  cough,  may,  however,  last  for 
weeks.  During  this  period  the  animal  may  be  cured  In  the 
second  and  third  stages  the  disease  is  as  fatal  as  the  steppe  mur- 
rain, takes  also  much  the  same  course,  and  ends  in  the  same 
manner  with  cedematous  swelling,  convulsions,  death. 

Contagious  character. — The  pulmonary  murrain  is  fully  as 
contagious  as  the  steppe  murrain.  In  a  sanatory  point  of  view 
the  two  diseases  may,  therefore,  be  regarded  as  identical.  Hence 
the  precautionary  measures  above  recommended  are  applicable  to 
both. 

Although  the  disease  that  has  broken  out  among  the  homed 
cattle  in  Mecklenburg  seems  to  be  regarded  as  the  pulmonary 
murrain^  it  may  perhaps  be  the  real  steppe  murrain  which  is  now 
raging  among  the  cattle  in  Poland  to  a  fearful  extent,  notwith- 
standing the  stringent  measures  that  have  been  adopted  by  the 
Russian  Grovemment  for  patting  a  stop  to  it. 

I  have,  &c., 
(Signed)         T.  A.  Blacs:well. 

Colonel  Hodges,  C,B. 
&c,        <S:c. 


III. — German  Wool  Fairs^  Midsummer^  1856. 

Foreign  Office,  July  Uth,  1856. 
Sir, — I  am  directed  by  the  Earl  of  Clarendon  to  transmit  to  you, 
to  be  laid  before  the  Council  of  the  Royal  Agricultural  Society, 
the  accompanying  copy  of  a  despatch  from  her  Majesty's  Consul- 
General  at  Leipzig^  enclosing  a  report  upon  the  Wool  Fairs  of 
Germany. 

Lord  Clarendon  thinks  that  this  infornvation  may  not  be  un- 
interesting to  the  Society.  I  am,  Sir,  &c. 

The  Secretary  of  the  ShELBURN. 

Eoyal  Agricultural  Society, 


Report  on  the  Leipzig  and  other  German  Midsummer  Wool  Fairs 

,  of  ISbo. 

The  Leipzig  Wool  Fair  was  held  this  year,  as  usual,  on  the  13tli 
and  14th  of  June,  and  was  well  attended,  principally  by  German 
purchasers.  Tlie  central  situation  at  Leipzig  among  the  cloth 
manufactories  of  Saxony  and  Prussia  makes  it  a  convenient  place 
of  resort  for  wool  buyers,  though  the  supply  is  always  small  in 
comparison  with  the  quantities  braught  to  the  great  fairs  of  Berlin 
and  Breslau.     On  this  occasion  the  stock  of  wool  at  market  was 
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39,792  stone*  (or  7958  centners),  being  14,947  stone  more  than 
the  quantity  of  last  year's  fair.  The  whole  stock,  with  the 
exception  of  2025  stone,  was  sold,  and  that  at  advanced  prices, 
varying  from  half  a  dollar  to  one  dollar  and  a  half  additional  per 
stone,  according  to  the  quality  and  condition  of  the  wool.  The 
prices  obtained  per  stone  were  for 

Dollars. 

Fine  wools 21  to  24i 

Middling  fine  ditto       18  „  20 

Ordinary  ditto      16  „  18 

The  clip  was  both  better  and  more  productive  than  that  of  last 
year.  In  some  cases  the  washing  and  picking  of  the  wool  was 
found  excellent,  but  there  were  many  lots  exceedingly  defective 
in  this  respect.  The  wool  of  middling  quality  appeared  to  be  in 
greater  demand  than  the  finer  sorts,  which  indeed  has  been  the 
case  for  several  years  past. 

The  Breslau  Wool  Pair  on  the  4th  of  June  and  following  days 
is  stated  to  have  been  numerously  attended  by  purchasers  from 
the  manufacturing  districts  of  Prussia  and  the  Zollverein,  as 
well  as  from  Austria,  France,  England,  Belgium,  and  Sweden. 
The  demand  in  the  month  of  May  had  been  so  great  that  the 
stock  of  Silesian  wool  in  warehouse  had  been  completely  ex- 
hausted before  the  fair  began,  consequently  the  growers  had 
made  up  their  minds  to  a  very  large  advance  in  price,  which, 
however,  was  somewhat  counteracted  by  the  results  of  the  last 
London  sales  of  colonial  wool,  and  by  the  inundations  in  France, 
which,  it  was  thought,  must  endanger  the  harvest  in  that  country, 
and  consequently  limit  the  French  demand  for  wool  during  this 
summer.  The  growers  therefore  could  not  realize  the  advance 
of  20  per  cent,  which  they  had  first  tried  to  obtain,  and  the  less 
so  when  it  was  found  that  the  washing  and  picking  of  the  new 
wool  was  decidedly  inferior  to  that  of  last  year.  The  rise  in  the 
price  of  good  clean  wools  was,  however,  as  much  as  from  8  to  12 
dollars  per  centner.  The  deficiency  of  weight  was  generally 
about  10  per  cent. 

According  to   the  official  report  of  the  Chamber  of  G)mmerce 
the  quantities  bro  ught  to  this  fair  were — 

^j  CentnerB. 

Silesian  wool ,.      ,.  33,000 

Posen  ditto        5,000 

Polish,  Russian,  and  Austrian  ditto,  including  the  stock  in 

warehouse      3,000 

Total 41,000 

*  1  stone  of  22  lbs.  =  22^  lbs.  ayoirdupois. 

5  stones      „         =1  trade  centner  of  110  lbs.  or  113  lbs.  avoirdupois. 
1  dollar  of  30  groschen  =  3».  sterling. 
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being  3000  centners  less  than  the  quantity  brought  to  market  last 
year.  Above  three- fourths  of  the  whole  quantity  was  sold;  the 
proprietors  of  the  rest  preferred  to  borrow  on  a  deposit  of  their 
produce,  and  to  await  the  chance  of  a  rise. 

'J' he  following  prices  were  realized  per  centner  for  the  diifei^nt 
wools  sold,  viz. : — 

Dollars. 

Silesian  electoral  clip         138  to  155 

Superfine  clip 125  „  135 

Fine  ditto 112  „  120 

Middling  and  middling  fine  ditto     98  „  108 

Inferior  ditto      *.      ..  88  „     93 

One  and  two  shearings  rough 83  „    86 

Moist  and  tanners      74  „    88 

PosenfinecUp 9»  „  108 

Middling  and  middling  fine  ditto     85  „  '  95 

Further  quantities  of  Polish  wool  were  stated  to  be  arriving  at 
Breslau  when  the  fair  closed. 

In  order  to  facilitate  the  business  of  future  fairs,  and  to  pre- 
vent frauds,  a  permanent  directory  of  seven  merchants  has  been 
appointed  at  Breslau,  who  are  to  form  a  regular  wool  exchange, 
and  control  the  brokers  in  the  declaration  of  prices.  The  direc- 
tory will  also  put  itself  in  connection  with  the  new  Agricultural 
Bank,  so  as  to  enable  the  growers  either  to  sell  their  produce 
prouiptly,  or  to  obtain  loans  on  deposit  thereof,  when  the  latter 
course  may  be  preferred.  These  measures  are  likely  to  increase 
the  attractions  of  Breslau  as  a  central  mart  for  Polish  and 
Austrian,  as  well  as  Silesian  wools. 

The  Dresden  Fair,  on  the  11th  of  June,  rather  disappointed 
the  expectations  of  the  growers.  The  wool,  however,  was  in 
very  good  condition,  and  an  advance  of  from  half  a  dollar  to  one 
dollar  per  stone  was  realized  upon  last  year's  prices.  The  whole 
stock  brought  to  market  was  sold,  being  under  12,000  stone,  or 
2400  centners.  Fine  wools  fetched  from  20i  to  24  dollars  per 
stone;  middling  fine  wools  from  17i  to  20  dollars  per  stone ; 
ordinary  wools  from  15i  to  18  dollars  per  stone. 

At  the  Fosen  Fair  the  washing  of  the  wools  was  pronounced 
excellent,  and  the  deficiency  of  weight  was  small.  The  prices 
obtained  were  various ;  all  above  those  of  last  year,  and  in  some 
cases  an  advance  of  Irom  5  to  10  dollars  per  centner.  Many  of 
the  growers  refused  to  sell,  and  reserved  their  wool  for  the  Berlin 
fair.  The  quantity  brought  to  market  was  about  6500  centners, 
including  15i)0  centners  in  warehouse  from  last  year's  stock. 

At  the  Gera  Fair^  in  the  principality  of  Reuss,  7000  stone,  or 
1400  centners,  were  brought  to  market,  being  less  by  one-seventh 
than  last  year.    Fine  clothing  wools  fetched  from  16  to  17f  dollars, 
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and  combing  wools  16  dollars  per  stone,  being,  in  both  cases,  an 
advance  upon  the  prices  of  the  last  fair. 

At  Landsberg^  on  the  Wartha,  8000  centners  of  wool  were 
brought  to  market,  which  fetched  higher  prices  by  from  2  to  6 
dollars  per  centner  than  last  year.  The  washings  were  reported 
better  than  at  Breslau. 

The  Dessau  Fair  was  rather  flat,  inasmuch  as  of  5056  stone 
of  wool  brought  to  market,  2146  stone  remained  unsold.  The 
washing  was,  however,  very  good,  and  the  wool  sold  realized  from 
1^  to  2  dollars  per  stone  more  than  last  year. 

At  the  fair  of  Bautzen,  in  Saxon  Lusatia,  7698  stone  of  wool 
came  to  market,  and  7006  were  sold.  The  prices  ranged  per 
stone  for 

Dollars. 

Fine  wools      19  to  21 

Middling  fine  ditto        16  „  19 

Middling  ditto        H  „  16 

Inferior  ditto 12  „  14 

which  average  a  dollar  per  stone  higher  than  last  year. 

At  the  Stettin  Fair  27,113  centners  of  wool  were  brought  io 
market,  or  passed  through,  and  nearly  the  whole  stock  was  sold. 
Well  washed  lots  fetched  from  2  to  4  dollars  per  centner  more 
than  last  year,  and  in  some  few  instances  from  6  to  8  dollars 
more,  but  a  great  deal  of  wool  went  at  last  year's  prices.  The 
highest  price  realized  for  superfine  wool  was  96  dollars  per 
centner,  fine  fetched  81  to  92  dollars,  middling  and  combing 
wools  72  to  78  dollars,  inferior  50  to  72  dollars. 

At  the  Magdeburg  Fair  only  2110  centners  came  to  market 
Prices  rather  lower  than  at  Stettin.   Washiiig;s  very  good. 

The  Weimar  Fair  was  well  attended,  and  of  38,500  stone  of 
wool  (7700  centners),  nearly  the  whole  was  sold.  The  washings 
were  good,  in  some  instances  excellent  Prices  from  1  to  2 
dollars  per  stone  higher  than  those  of  last  year. 

The  Berlin  Fair,  the  largest  of  all  the  German  wool  fairs, 
took  place  on  the  18th  of  June  and  following  days.  The 
quantity  brought  to  market  amounted  to  104,000  centners,  and 
there  being  in  warehouse  from  last  year  4000  centners,  the  entire 
stock  was  about  8000  centners  greater  than  at  the  last  fair.  The 
weight  of  the  fleeces  was  upon  the  whole  greater  than  last  year, 
but  the  washing,  in  many  instances,  was  indifferent.  The  growers 
began  by  demanding  an  advance  of  10  dollars  per  centner,  bat 
finding  they  could  not  obtain  so  much,  they  were  obliged  to  be 
content  with  an  advance  of  from  2  to  5  dollars  upon  last  fair^s 
prices.  Wherever  an  advance  of  at  least  2  dollars  could  not  be 
obtained  the  reason  lay  in  the  bad  washing  of  the  wool. 

The  actual  prices  paid  per  centner  ranged  as  follows :— 
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:„  DoUari. 

Superfine  wools,  from       105  to  110 

Fine  ditto 93  „  98 

Middling  fine  ditto 82  „  88 

Middling  ditto 74  „  80 

Inferior  ditto      60  „  70 

Fleece  and  moist  ditto       58  „  70 

Locks 55  „  76 

The  parchasers  were  chiefly  German  manufactarers  and 
lealers.  The  English  customers  were  fewer  than  at  last  year's 
air.  The  fair  ended  firmly,  as  it  is  called,  that  is,  with  the 
confidence  that  the  present  prices  would  he  maintained  for  some 
ime  to  come. 

The  continued  rise  in  the  price  of  wool  is  an  indication  of  the 
BLCtivity  of  the  German  cloth  manufactories,  although  these  esta- 
blishments are  in  so  far  unfavourahly  affected  by  the  enhanced  cost 
of  their  raw  material.  The  English  dealers  have  bought  unusu- 
ally little  wool  at  these  last  fairs,  for  the  rise  within  the  lost  two 
years  has  much  more  than  counteracted  the  reduction  of  the 
export  duty  from  6^.  to  Is.  per  centner,  which  took  place  on  the 
1st  of  January,  1854. 

Leipzig^  June  30^A,  1856. 


;    IV. — Use  of  Reaping-Machines.    By  Anthony  Hamond. 

To  THE  ChaIBMAN  OF  THE  JOURNAL  COMMITTEE. 

You  ask  me  to  give  you  my  experience  of  the  reaping-machine ; 
I  have  great  pleasure  in  doing  so.  I  think  I  may  fairly  say 
that  it  has  now  attained  that  degree  of  perfection  which  en- 
tides  it  to  be  classed  amongst  implements  of  real  practical 
utility. 

On  the  first  introduction  of  the  reaper  to  the  notice  of  our 
Society,  I  purchased  one  by  Hussey,  which,  being  faulty  in  its 
construction,  was  soon  laid  aside. 

At  the  Lincoln  Meeting  I  purchased  an  improved  Hussey  by 
Dray,  with  tipping-board.  This  I  have  used  for  two  luzrvests 
entirely  to  my  satisfaction.  It  has  not  required  205.  in  repairs, 
and  is  now  ready  to  go  to  work  at  half  an  hour's  notice.  The  first 
year  1  cut  about  150  acres  of  wheat,  oats,  and  rye  ;  the  second, 
150  acres  of  wheat,  besides  oats  and  rye. 

When  I  first  used  the  reaper,  I  thought  it  expedient  to  divide 
a  field  into  portions  of  about  10  acres,  to  facilitate  the  operation 
of  tieing  and  shocking,  but  this  I  afterwards  found  unnecessary, 
the  measure  of  work  to  be  done  being  the  quantity  cut^  not  the 
distance  travelled  by  the  machine.  The  amount  of  a  day's  work 
by  the  reaper  may  be  estimated  at  not  less  than  9  or  10  acres  : 

Z2 
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I  have  often  exceeded  11.  To  accomplish  this,  from  8  to  IC— ^ 
women  are  required  to  tie  and  shock  the  corn,  and  one  scyth^^^ 
(an  inferior  hand)  to  mow  oflF  the  comers,  which  enables  th^^ 
reaper  to  continue  its  work  without  pulling  up  at  the  ends.  Tht-^  "" 
price  of  labour  varies  in  different  districts  ;  with  me,  last  year^— > 
the  cost  of  cutting  stood  thus  : — 

£.    «.   d. 

The  man  who  works  the  machine      0    5    0 

The  driver,  a  boy         0    2    0 

An  Id  ferior  hand,  with  scythe 0    2    6 

Ten  womeD,  at  1«.  8rf 0  16    8 

6  4  3  2  1 


The  tyers  are  thus 

placed,!. 

2,&c.- 

unless  the 

crop 

is  very  stout,  eight  women  will  tie  ten 

acres. 

11,  the  scythe. 

11 

10 

If  a  field  from  2  to  3  furlongs  in  length,  I  should  recommend 
2  scythes ;  their  work  is  not  given  away,  as  the  reaper  will  do 
its  10  acres,  and  what  these  men  will  do  will  be  in  additioii. 
Each  scythe  will  tie  up  its  own  work. 

It  may  appear  that  to  tie  an  acre  of  wheat  is  a  great  day's 
work  for  a  woman,  especially  as  in  mowing  we  allow  2  women 
to  a  scythe,  but  with  a  well-worked  tipping-board  the  sheaves 
require  no  gathering,  they  only  need  binding,  and  they  are  laid 
so  level  that  you  have  fewer  sheaves  to  an  acre  than  when  mown. 
Be  it  also  remembered  that  where  there  is  no  gathering  there  is 
little  scattering,  and  scarcely  anything  for  the  horse-rake  to  do. 

There  is,  1  am  aware,  a  strong  feeling  amongst  some  of 
those  who  take  an  active  part  in  the  implement  department  of 
the  Royal  Agricultural  Society  in  favour  of  the  side-delivery. 
For  mowing  com  that  is  to  lie  upon  the  swathe,  it  is  absolutely 
necessary  ;  but,  for  corn  that  is  to  be  tied  up,  I  prefer  the  back- 
delivery,  for  the  reason  I  liave  given  before — that  where  there  is 
no  gathering  there  is  no  scattering. 

1  hope  to  go  to  work  next  harvest  with  two  Hussey's  stem- 
deliveries  and  one  Burgess  and  Key's  side-delivery.  The 
mowing  of  barley  by  the  latter  at  Mr.  Miles's,  last  year,  was  very 
near  perfection. 

Note. — I  should  strongly  recommend  all  parties  using  reapers  to  have  a 
8i)are  set  of  knives  ready  for  work ;  ibr  should  any  accident  happen,  it  is  a 
serious  business  to  have  half  a  dozen  hands  standing  still  while  damages  are 
repairing.  The  bar,  on  which  the  knives  are  placed,  is  the  only  point  where 
I  have  had  a  breakage. 

Westacrey  May^  1856. 
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V.-^Use  of  Beapinff'Machines.    By  Thomas  Parrxngton. 

Stan  wick  Park,  near  Darlington,  Sept.  1855. 
Dear  Sir, — Feeling  jsure  that  you  will  be  pleased  to  leam  that 
the  reaping  machine  to  which  the  first  prize  was  awarded  at 
Bristol,  by  the  Royal  Agricultural  Society,  fully  bears  out  the 
bigh  opinion  entertained  of  it  by  many  who  witnessed  the  trials 
at  Leigh  Court,  I  have  taken  the  liberty  of  forwarding  to  you  the 
copy  of  a  report  given  by  Mr,  Parrington  of  trials  on  his  farm  of 
Lazenby  at  Stockton-on-Tees.  Every  one  who  is  acquainted 
with  him  will  attach  much  importance  to  his  opinion,  in  con- 
sequence of  his  great  intelligence  and  practical  experience  in  the 
use  of  reaping  machines. 

I  remain,  &c., 
James  Hudson,  Esq.  JOHN  WoOD. 


Having  had  Messrs.  Burgess  and  Key's  McCormick's  reaping 
machine  at  work  on  my  farm  for  several  days,  and  operating 
upon  a  variety  of  crops,  I  have  much  pleasure  in  expressing  my 
entire  satisfaction  with  its  performances. 

I  have  cut  with  it  autumn  and  spring-sown  wheat,  varying  in 
yield  from  32  to  40  bushels  per  acre,  some  of  it  much  lodged ; 
also  a  very  heavy  crop  of  oats  so  much  laid  and  twisted  in  parts, 
that  I  thought  it  impossible  for  any  machine  to  cut  tbem  at  all. 

One  pair  of  horses  worked  the  machine  easily  day  after  day ; 
they  have  to  travel  no  faster  than  the  ordinary  ploughing  pace, 
and  a  boy  of  fifteen  managed  them  without  any  difficulty. 

The  machine  is  so  constructed  that  there  is  very  little  wear  and 
tear  going  on  ;  it  delivers  the  cut  com  in  a  beautiful  swathe,  laid 
so  straight  and  lightly  on  the  ground  that  the  sheaves  are  quickly 
gathered  up — the  swathe  is  evenly  cut  and  Xeit  particularty  clean. 

I  found  that  the  machine  will  cut  in  the  manner  I  have 
described  from  IJ  to  li  acres  per  hour;  it  is  always  cutting  its 
full  width,  viz.  5  feet  8  inches. 

1  have  had  great  expei  ience  in  reaping  by  machinery,  and  I  can 
honestly  say  that  Messrs.  Burgess  and  Key's  machine  is  on  the 
whole  by  far  the  most  perfect  and  satisfactory  implement  1  have 
seen. 

Lazenby,  Hedcar,  Sejjt.,  1855. 
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VI. — Experiments  in  Cattle- Feeding.     By  E.  "W.  MoORE. 

To  THE  EdITOB  of  THE  JoUBNAL  OF  THE  RoYAL  AgRICULTUBAIi  SoOIETT. 

Sir, — Believing  that  it  is  the  wish  of  the  Council  to  make  the 
Journal  a  record  of  facts  which  the  experience  of  its  members 
may  enable  them  to  furnish,  I  think  that  possibly  you  may  con- 
sider the  accompanying  paper  of  sufficient  interest  for  insertion 
in  the  forthcoming  number.  As  you  will  perceive,  it  is  the 
account  of  an  experiment  made  in  the  feeding  of  animals  of  dif- 
ferent breeds,  and  belonging  to  different  owners.  It  arose  in  the 
following  manner : — In  the  year  1853,  two  gentlemen  (breeders 
of  shorthorns)  residing  in  this  district  entered  into  a  sweep- 
stakes of  5/.  each  to  feed  an  ox  from  their  respective  herds  for 
the  purpose  of  testing  their  comparative  merits  in  feeding  for 
the  butcher,  and  it  was  agreed  that  they  should  place  their 
animals  in  the  haqds  of  some  impartial  person  for  the  purpose. 
They  requested  me  to  undertake  the  matter  for  them,  and,  on 
mentioning  the  application  to  the  Earl  of  Radnor,  his  Lordship 
was  very  willing  that  the  experiment  should  be  carried  on  here. 
From  various  causes  the  result  was  not  satisfactory,  and  I  made 
no  award. 

During  the  time  this  experiment  was  proceeding  it  occurred 
to  me  that  it  might  be  desirable  to  try  one  on  a  more  extended 
scale  between  different  breeds,  and  by  a  mode  of  feeding  which 
would  be  more  in  accordance  with  the  practice  of  farmers 
in  their  usual  course  of  business  than  was  adopted  in  this 
instance;  I  therefore  wrote  to  several  well-known  breeders  or 
their  agents,  who,  at  my  request,  sent  animals  of  the  ages  and 
in  the  condition  which  appeared  to  me  desirable.  Eighteen 
animals  were  supplied — ten  of  one  age  and  eight  one  year 
younger.  The  Tables  herewith  sent  contain  the  result  of  the 
plan  adopted.  The  animals  in  the  first  lot,  as  will  be  seen 
by  the  Table,  differed  a  little  in  age,  but  not  much  in  condition. 
A  few  days  after  they  reached  Coleshill,  1  requested  Mr.  Trinder 
of  Moisey  Hampton  and  Cricklade  (a  person  who  is  in  the  habit 
of  dealing  extensively  in  cattle),  to  put  a  market  price  on  each, 
which  is  the  amount  stated  in  the  Table  (with  the  exception  of 
No.  1,  where  the  amount  actually  paid  was  substituted).  The 
only  difficulty  Mr.  Trinder  felt  was  about  the  Scot,  which  was 
very  small,  and  the  value  of  which  was,  I  believe,  finally  fixed 
lower  than  he  first  thought  of,  in  consequence  of  a  remark  made 
by  myself. 

The  ten  beasts  were  all  sold  by  auction  on  the  4th  of  December, 
1854,  at  Lord  Radnor's  annual  sale  of  fat  stock,  no  purchaser 
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that  I  am  aware  of  having  the  slightest  knowledge  that  any  of  the 
animals  offered  had  been  competing  one  against  the  other. 

The  second  Table  gives  the  account  of  the  eight  younger  beasts, 
which  were  sold  by  auction  on  the  5th  of  February  last.  It  is  cer- 
tainly unfortunate  that  there  should  have  been  so  great  a  difference 
in  the  price  of  beef  at  the  time  these  were  sold  from  what  it  was 
when  the  previous  lot  was  disposed  of.  Prior  to  the  sale  I  had 
estimated  the  value  of  each  beast,  and  had  requested  a  neighbour, 
who  is  a  good  judge  of  such  matters,  also  to  examine  the  animals, 
and  give  me  his  opinion ;  and  had  they  been  sold  at  the  same 
price  per  stone  as  the  other  lot,  the  result  would  have  been  very 
different  from  what  it  was  in  fact.  I  have  added  three  columns 
as  an  appendix,  showing  what  would  have  been  the  value  of  each 
animal  at  the  rate  per  stone  the  others  realized ;  and  I  have  also 
entered  the  rate  per  stone  they  actually  fetched  according  to  my 
judgment  as  to  weight.  In  looking  carefully  at  the  results  of 
both  experiments,  I  find  it  difficult  to  arrive  at  any  very  satis- 
factory conclusion  ;  at  the  same  time  I  think  it  proves  this — that 
the  Herefords  take  the  lead  in  grazing.  No.  7  in  the  first  lot 
was  decidedly  inferior  in  quality  to  the  other  Herefords,  which 
accounts  for  his  not  doing  so  well.  The  same  difference  in 
quality  was  remarkable  in  the  Devons,  and  especially  in  the 
younger  beasts.  With  reference  to  the  shorthorns,  Mr,  Stratton's 
never  did  well ;  he  told  me  at  first  that  they  were  merely  two 
ordinary  animals  from  his  general  herd.     The  same  remark  ap- 

Slies  to  No.  18  in  the  second  lot,  which  was  a  twin.  No.  15, 
fr.  Bowly's  shorthorn,  did  remarkably  well  throughout,  and 
was  of  prime  quality.  No.  16  was  a  much  coarser  beast,  and  at 
last  did  not  do  well,  though  of  immense  size.  The  half-bred  of 
Mr.  Bcasly's  was  wild  and  restless,  and  did  badly,  the  latter  part 
of  the  time  especially,  at  which  I  was  surprised,  as  a  fellow- 
beast  which  Mr.  Beasly  fed  himself  turned  out  remarkably  well ; 
at  one  time  during  the  first  summer  I  thought  he  would  have 
taken  the  lead.  At  the  sale  no  one  could  get  near  to  handle  him, 
and  I  believe  that  made  21,  or  3/.  difference  in  the  price.  It  will 
be  observed  in  the  estimate  made  before  the  sale  there  is  not  so 
much  difference  between  him  and  the  rest. 

My  object,  however,  has  been  to  record  the  facts,  and  persons 
interested  in  such  matters  must  draw  their  own  conclusions. 
No  difference  has  been  made  in  the  rate  per  week  charged  against 
the  last  lot  while  at  grass,  except  in  No.  11,  because  the  value  of 
the  food  consumed  by  each  in  the  house  is  nearly  the  same. 
They  had  what  swedes  or  mangold  wurzel  and  hay  they  would 
eat,  and  the  same  corn  and  cake,  which  they  all  consumed  with- 
out any  being  weighed  back. 
ColesMl,  May,  1856. 
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Experiment  (No.  1)  on  the  Feeding  of 


Fo. 


Age, 
Pebfuaty  Itt, 


Kind  or 
FotkL 


Cfttpn  hv  end)  AjilfOuU, 
In  t^i  4  MoDlb^,  IMmmrft 


Frkmpm 
Toil 


10 


Devon 
(Duke  <jf  Bedford), 


Devon 
(Mr.  G,Tiiniet> 


Devon 

(Mr,  G.  Tumer). 


Shonhora 
(Mr.  K.  Stratton), 


Shortlion] 
(Mr»  R,  Stmttan). 


Hereford 

(DukeofBedfoid). 


Hereford 
(Duke  of  Bedford), 


Hereford 
(Earl  of  Kadnor). 


Hereford 
(Earl  of  RadDor)* 


(Vbcount    Bar- 
riflgton). 


I  yenTj  10    Hay 
months,    i  Hootfl 
I  Cora 
Cak€ 

About  2      Hay 
yean,     t  Roois 
Com 
Caki; 
GT9m 

Hay 

Roots 
Com 
Cako 
Gmii 

Hay 

Koota 
Com 
Cuke 
Grjss 

Hay 

Hoots 

Cofti 

C^e 

Grass 

2jc&m,  5,  Hby 
ireeks.     |  Roots 
Com 
Cake 


1  year,  10 

mouths,  10 
days. 


1  year,  10 
mouthE. 


1  year,  9 
mouths. 


1  year,  10 
months. 


I  year,  6^ 
moEiths. 


1  year,  5i 
months. 


About  2      Hay 


Gmss 

Hay 

Hoots 
Corn 
Cake 
Grui$ 

Hay 

Hoots 
Com 
Cake 
Grata 

Hay 

Hootfl 
Com 
Cake 
Grass 


years. 


Koota 
Com 
Cake 

Gniss 


Tufif .  CW16.  qra,    Ibf. 

0     13  3     10 

2       9  1     14 

0       1  a    14 

0       3  1       0 


3  0  0 

0  7  e 

IS  o  o 

13  0  Q 


H  wvikA  at  U.  M.  per  wedc 


0  13  3  7 

a  10  0  4 

0  1  3  14 

0  3  S  21 


3  0 

0  7 

IS  0 

13  0 


0  13  a  18 

2  IS  3  7 

0  1  3  14 

0  3  3  VI 


3  0 

0  7 

19  0 

13  0 


2& 

Q   u  3  n 

3  15   3  13 

0  1  a  14 

Q   3   S  21 

M  wtxka  ftt  Si.  4|flL  ptst  wnk. 


At  Eit.  H^  pcf  wnk,. 

3  0 

0  7 

12  0 

13  U 


0  15  0  6 

2  16  0  25 

0  1  3  14 

0  3  3  3 


3S  weekd  At  u.  3H-  per  week. 


0  14  2  17 

2  14  3  24 

0  1  3  14 

0  3  3  18 


3fl  wiQka  ai  fit.  3^.  jier  wc^k. 


0  13       I  3 

3  5       3  16 

0  13  0 

0  3       3  0 


2S  WMki  «t  At.  ie>td.  per  week. 


0  12  I  27 

2  3  3  15 

0  1  3  H 

0  3  3  21 


ae  wMke  At  tfi  I9td  pfT  w««kt 


0  7 

1  16 


12 

8 


30  w«ks  At  3#.  «tL  per  w*ek. 


Sfi  week«  At  Si.  IH.  per  ff«eiL 

0     14       0     15     I     3     0  0 

2       B       a     29     I     0     7  0 

0       1       3     14     I  IS     0  O 

0       a       3       3     I    13     D  0 
2S  v^ki  at  &f .  Iff.  per  week. 


3  0  0 

O  7  C 

IS  0  0 

13  O  0 


3  0  0 

0  7  6 

12  0  0 

13  0  0 


3  0  0 

0  7  6 

12  0  0 

13  0  Q 


3  0  H 

0  7  e 

12  0  0 

13  0  0 


a  0  0 

0  7  e 

12  0  0 

13  0  0 


•  The  beasts  were  all  tamed  out  aiMl  taken  up  together,  and  were  at  grass  26  weeks.  The  anoirat 
per  wc*k  is  fixed  ia  the  same  relative  proporUun  as  the  cobt  per  week,  during  the  four  months  they 
weze  in  tco  tiouie. 
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Cattle  of  different  Breeds,  1854. 

Value  of 

each  kind  of 

Food. 

Total  cost  of 
Food- 

Money 

paid  for 

each 

Beast. 

Cost  of 

Animftl  and 

Food. 

Sold  for 

(on  Dec.  4, 

1854). 

Estl- 
mated 
Price 
per 
Stone. 

Profit 

LOM. 

£.      8.     d. 

2     16 

0  18     6 

1  2     6 

2  2     3 
6     3     6 

£.  «.  d. 
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£.    B. 
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13     7     1} 
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26  10 

5     4 

2     7  lOi 

j      6   13     3"* 

2     2     4} 
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12     6 

12     9     1 
6  12     2 

13     4     4J 

11     0 

24     4     A\ 

1 
1 

26  10      5     4 

1 

2     5     7} 

•• 

1      2     1     5i 
1      1     0   10 
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13     0 
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26     5 
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•• 

6  Hi 

i      2     4     6i 
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'      12     6      13  18     4} 

2  11     2^ 
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1 

! 
12     0      25  18     4f 

1 
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4     8 

•• 

8    M 

i     2     5     2i\ 

'ill 

,      1     2     6  1   13  15     5i 

2     9     1 
I     6  17     7    j 

14     0 

27  15     5f 

31   10 

5    4 

3  14     6^ 

•• 

1     2     3  Hi 

1     0     7il 

12     6      13  15     5f 
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6  17     7 

12  15 

26  10     5} 

28     0 

5    0 

1     9     6i 

•• 

1   19  10  l\ 

0  17     2i 

1  1     0  1   12  13     6* 

2  8     9! 
6     6     9  1 

9     0 

21   13     6i 

24    0 

5     4 

2     6     5i 

•• 

1   17     5i 

0  16     5i 

1  2     6  :yi2   14  10} 

1  2 11  2i; 

6     7     3^1 

8     0 

20  14  lOj 

23  10 

5    4 

2  15     li 

•• 

1     2     0}'^ 

0  13   .7} 

18     2     9 

1  16     1 

4   11      0    j 

4     5 

12     7     9 

15     5 

5     6 

2  17     3 

•• 

_                      1 

Ombbt ATtoNS.— The  aninudi  «rara  all  in  ■ 
toey  would  mt.  Anjrthing  giTm  at  a  meal,  i 
*«f«  (prra  In  the  nme  quantities  to  all,  and  i 
Kjrioe  would  n»yvt  eat  anr  com.  and  made  Ih 
•he  onial  |>riae  of  tba  neighbafurtiood ;  caka  an 
VOL.  XVII. 


•tare  tlnle  at  Hailing    tliaj  i 
Dd  not  wholly  < " 


as  iDltowat— bay  tad  looH^  wbatw 


plan  panaed  as  to  what  «■•  mat 
tm  with  oak*  k  tb*  qviag.    Hm 


Hm  price  of  hay  Hid  raMi  fa 

2a 


1 
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Expriment  (No.  2)  on  tJie  Feedlnj^  4  1 

Totajquwiytyof  Food 

i 

Anlfoil  bi  Jftiiawy, 

Febrii»rT.  Mifch, 

April,  Ociolwr. 

N«i 

Kt[ii]ofB«ait 
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£.  f .  d: 

11 
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1        2       2      16 

a    0    0 

3     7 
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Roots 

4       3       3     15 

0     7     6 
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6 

Com 

0       3       3       fl 
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2     6 
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0      3       17 
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0^ 
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Grass 
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IS 
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6 
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0       3       3       9 
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Cnke 

0       3       17 
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Hay 

1     10      3       4 
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4     1@       3       4 
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3 
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Cake 

0      3       17 

13     0     0 

2   a 

0 

Gnu 

#4  we«lEi 4t  Ir.  ed.»  ft  ^  weoki at  3|. 

7  12 

oj 

' 

15 

Shortbora(Mr. 

Feb.  9, 

H*y 

1     12      S       7 

3     0     0 

4  17 

8\ 

E.  BowM. 

1853, 

EootM 

5       12       7 

0     7     € 

I   13 

1 

Coru 

0       3      3      9 

12     0     0 

2     6 

0 

IS  16     » 

Cake 

0      3      3      7 

13     0     0 

2     3 

0 

Grasa 

44  weeks  at  U.  »cL,  &  2S  ir^kB  atSr. 

7  13 

o) 

16 

Shortlioni(Mr. 

Feb,  % 

5*^3^ 

1      13       2       3 

3     0     0 

5    0 

7\ 

E.  Bowley),    i 

ll!^53. 

Roots 

3     12      0     15 

0     7     6 

I     7 

0 

Com 

0       3       3       9 

12     0     0 

3    6 

0 

10    8    7  ' 

Qiki 

0      a      1      7 

13     0     0 

2     3 

0 

Grass 

44  Week3  At  li.  ftcip  ft  3Q  W£«kt  li  3tf. 

7  12 

0. 

17 

Hereford  (Earl 

Jaa-  13, 

Hay 

1      12        3        1 

3     0     0 

4  IS 

3 

oflUd^or). 

1853. 

Roots 

5       1       '2     24 

(J     T     6 

1   IS 

11 

Com 

0       3      3      9 

12     0     0 

2     6 

0. 

18  17     9 

Cake 

0       3       17 

13     0     0 

2     3 

0 

GroM 

44  wtvkf  ftt  If.  9(f^  ft  35  wei^  At3t. 

7  12 

^ 

19 
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iJe  of  different  Breeds,  1855  and  1856. 
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15     0 


5     0 
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10     0 


15     0 
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5     0 


Co8t  of  Sold  for 
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£.    8.    d. 
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28     0     0 


25  10     0 
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4     6 


4     6 
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4     4 


4     8 


4     4 


Appendix.— Estimated  result  if 

they  had  realized  the  same  Price 

per  Stone,  according  to  quality,  as 

the  First  I^t 


Estimated 
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£.    «.   d. 

5«.  Ad. 
per  stone, 
23     9     4 
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MEMORANDA. 

General  Meeting  in  London,  on  the  Satarday  of  the  Smithfield  Club-Shoir 

week  at  Eleven  o'clock,  a.m. 
General  Meeting  in  London,  on  Friday,  May  22, 1857,  at  Twelve  o'clock. 
Country  Meeting  (at  Salisbury  probably)  in  1857. 

Monthly  Council  (for  transaction  of  business),  at  12  o'clock  on  the  first  Wed-- 
nesday  in  every  month,  excepting  January,  September,  and  October:  Cf^est 
only  to  Members  of  Council  and  Giovemors  of  the  Society. 

Weekly  Council  (for  practical  communications),  at  12  o'clock  on  all  Wednesdays 
in  February,  March,  April,  May,  June,  and  July,  excepting  the  first  Wednesday 
in  each  of  those  months,  and  during  adjournment :  open  to  all  Members  of  the 
Society,  who  are  particularly  invited  by  the  Council  to  avail  themselves  of 
this  privilege. 

Adjournments. — The  Council  adjourn  over  Easter  ^eek,  and  occasionally  over 
Passion  and  Whitsun  weeks;  from  the  first  Wednesday  in  August  to  that  in 
November;  and  from  the  first  Wednesday  in  December  to  the  first  Wednesday 
in  February. 

Guano  analysed  for  Members  at  a  reduced  rate  by  Professor  Wat,  at  15,  Wdbeck 
Street,  Cavendish  Square,  London.— (Statement  of  Members'  Pnvil^es  of 
Chemical  Analysis  given  in  Journal,  vol.  XVIL,  Appendix,  p.  xiii,  and  may 
be  obtained  separately  on  application  to  the  Secretary.)^ 

Diseases  of  Cattle,  Sheep,  and  Pigs.— Members  have  the  privilege  of  applying  to 
the  Veterinary  Committee  of  the  Society ;  and  of  sending  animals  to  tne  Royal 
Veterinary  College,  on  the  same  terms  as  if  they  were  subscribers  to  the 
College.  — (Statement  of  Members*  Veterinary  Privileges  given  in  Joiinial, 
vol.  XI.,  Appendix,  pp.  viii,  ix;  vol.  Xll.,  Appendix,  p.  iv;  vol.  XIII., 
Appendix,  p.  xxxiv ;  vol.  XIV.,  Appendix,  p.  v;  and  may  be  had  separatdy 
on  application  to  the  Secretary.) 

Local  Cheques:  requested  not  to  be  forwarded  for  payment  in  London;  bnt 
I^ndon  Cheques,  or  Post-office  Orders  (payable  to  **  James  Hudson"),  to  be 
sent  in  lieu  of  them.  Members  may  conveniently  transmit  their  Subscriptions 
to  the  Society,  by  requesting  their  Country  Bankers  to  pay  (through  their 
London  Agents)  the  amount  at  the  Society's- Office  (No.  12,  Hanover  S<^aare, 
London),  between  the  hours  of  ten  and  four,  when  official  receipts,  signed 
by  the  Secretary,  will  be  given  for  such  payments. 

New  Members.<-^1.  Nomination :  Every  candidate  for  admission  into  the  Society 
must  be  proposed  by  a  Member ;  the  proposer  to  specify  in  writing  the  name, 
rank,  usual  place  of  residence,  and  post-town,  of  the  candidate,  either  at  a 
Council,  or  by  letter  to  the  Secretary.  Every  such  proposal  will  be  read  at 
the  Council  at  which  such  proposal  is  made ;  or,  in  the  case  of  the  Candidate 
being  proposed  bv  a  letter  to  the  Secretary,  at  the  first  meeting  of  the  CoondL 
next  after  such  letter  shall  have  been  received. — 2.  Election:  At  the  next 
Monthly  Meeting  of  the  Council  the  election  will  take  place,  when  the 
decision  of  the  Council  will  be  taken  b^  a  show  of  hands ;  the  majority 
of  the  Members  present  to  elect  or  reject.  The  Secretary  will  infi^rm 
Members  of  their  election  by  a  letter,  in  such  form  as  the  Council  may 
from  time  to  time  direct.— Cfandidates  residing  out  of  the  United  Kingdom 
can  only  be  elected  as  Life-Grovemors  or  Life-Members  of  the  Society,  and 
are  in  each  case  required  to  make  in  one  payment  on  election  a  composition 
in  lieu  of  annual  subscriptions. 

Farming  Accounts  recommended  by  a  Committee  of  the  Society  sold  to  Members 
at  a  reduced  rate,  by  Messrs.  Hallifax,  the  Stationers  to  the  Society,  315 
Oxfoi*d  Street,  Loudon. 

«.*  Memlten  may  obtain  on  application  to  the  Secretary  copiea  of  an  Abstract  of  the  Ckuta 
and  Bve-Laws,  of  a  Statement  of  the  General  Object*,  &c.,  of  the  Soeiety,  and  of  other 
printe<l  pupors  connected  with  special  departments  of  the  Society's  burineoa. 
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GENERAL  MEETING, 

12,  IIanoveb  Square,  Thursday,  May  22,  1856. 


REPORT  OF  THE  COUNCIL. 
^Phe  Society  consists  at  the  present  time  of — 

85  Life  Governors, 
139  Annual  Governors, 
839  Life  Members, 
3896  Annual  Members,  and 
20  Honorary  Members, 

forming  a  total  of  4979  Members,  or  97  more  names  on  the  list 
than  at  the  previous  anniversary.  Mr.  Evelyn  Denison,  M.P.,  has 
been  appointed  a  Trustee  of  the  Society,  in  the  place  of  the  late 
Mr.  Neeld,  M.P. 

His  Imperial  Majesty  the  Emperor  of  the  French  having  been 
graciously  pleased  to  permit  his  name  to  be  placed  on  the  list  of 
Honorary  Members  of  the  Society,  in  compliance  with  a  request 
made  on  the  part  of  the  Council,  His  Imperial  Majesty  has  been 
unanimously  elected  accordingly,  in  grateful  recognition  of  the 
deep  interest  which  His  Imperial  Majesty  has  so  effectively  taken 
in  the  promotion  of  international  agriculture. 

Tiie  Council  have  also  elected  M.  Leonce  de  Lavergne  an 
Honorary  Member  of  the  Society,  in  testimony  of  the  high  esti- 
mation in  which  they  hold  his  remarkable  work  on  the  Rural 
Economy  of  this  country. 

The  Finances  of  the  Society  have  on  no  former  occasion  been 
in  so  favourable  a  condition.  The  funded  property  consists  of 
9264/.  in  the  New  Three  per  Cent.  Stock,  and  the  current  cash- 
balance  in  the  hands  of  the  bankers  is  3657/. 
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A  complete  analytical  Index  to  the  volumes  of  the  Journal 
already  published  is  in  the  press,  and  a  new  catalogue  of  the 
Library  is  in  preparation. 

Prof.  Way,  the  Consulting-Chemist  of  the  Society,  has  read 
before  the  Members  a  report  on  the  Progress  of  Chemical  Science 
with  reference  to  agriculture  both  at  home  and  abroad,  and  has^ 
delivered  a  lecture  on  the  composition  of  Drainage-water.  He 
has  also  devised  a  mode  by  which  the  amount  of  nitric  acid  and 
ammonia  in  the  atmosphere  may  be  ascertained  with  approzi* 
mate  exactness.  This  discovery  will  at  once  give  interest  and 
importance  to  the  prosecution  of  agricultural  meteorology,  a 
branch  of  inquiry  which  has  hitherto  either  entirely  lain  dormant, 
or  been  pursued  only  with  results  of  an  indefinite  character. 
The  chemical  investigation  of  the  composition  of  water  after  per- 
colation through  the  soil  into  drains,  will  eventually  prove  of 
great  importance,  as  showing  what  portion  of  manuring  matter 
may  in  this  way  be  removed  from  the  land :  at  present  the 
results  obtained  by  Prof.  Way  are  confined  to  a  limited  body 
of  facts  occurring  under  certain  conditions;  but  these  are 
sufficient  to  indicate  the  great  loss  which  is  probably  sus- 
tained by  an  injudicious  manuring  of  particular  soils.  The 
controversial  publications  of  Baron  Liebig  and  Mr.  Lawes 
have  had  the  effect  of  calling  the  attention  of  scientific  men  to 
the  chemical  principles  of  agriculture,  and  of  practical  men  to 
the  application  of  those  principles  in  a  farming  and  economical 
point  of  view.  The  great  questions  however  involved  in  this  con^ 
troversy  have  still  to  be  dispassionately  considered,  when  the 
controversial  spirit  shall  have  passed  away,  and  the  facts  be  made 
subservient  only  to  the  progress  of  philosophic  inquiry.  The  Coun- 
cil strongly  advise  the  members  of  the  Society  to  take  advantage  of 
their  privileges  relating  to  the  analysis  of  artificial  manures, 
as  they  can  thus  only  obtain  security  against  fraud  from  adul- 
teration. The  Council  have  decided  that  at  the  end  of  the  cur- 
rent year  the  offer  of  the  lOOOZ.  Prize  for  a  substitute  for  Peruvian 
guano  shall  be  withdrawn     Prof.  Simonds,  the  Veterinary  In- 
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jpector  of  the  Society,  has  delivered  before  the  Members  a  lecture 
on  the  Skin  Diseases  of  Domestic  Animals,  and  the  Royal  Veteri- 
nary College  have  transmitted  to  the  Council  their  annual  Report. 

One  of  the  original  objects  for  which  the  Society  was  founded, 
the  last  in  the  order  of  enumeration,  though  by  no  means  the 
least  in  importance,  is  that  which  proposes  "  to  promote  the  com- 
fort and  welfare  of  labourers,  and  to  encourage  the  improved 
management  of  their  cottages  and  gardens."  This  great  and 
humane  object  has  been  constantly  the  subject  of  consideration, 
both  officially  by  the  Council  and  individually  by  the  members  of 
the  Society.  Various  ameliorating  measures  have  been  proposed, 
which  as  far  as  they  have  gone  have  been  useful,  though  they  fall 
far  short  of  that  extended  system  which  the  importance  of  the 
subject  demands.  The  Society  has  distributed  at  less  than  prime 
cost  upwards  of  30,000  copies  of  cottage  tracts,  containing  practical 
suggestions  for  the  management  of  labourers'  gardens,  and  for 
cottage  economy  and  cookery ;  they  have  also  published  in  their 
Journal  Sir  George  Nichols's  Prize  Essay  on  the  best  means  for 
improving  the  condition  of  the  agricultural  labourer,  as  well  as  Mr. 
Goddard's  and  Mr.  Macvicar's  Prize  Essays  on  the  construction 
of  cottages.  Last  year  the  Prize  for  the  best  essay  on  labourers' 
cottages  was  renewed,  and  several  essays  on  that  subject  are  at 
the  present  moment  under  the  consideration  of  the  judges. 

The  Chelmsford  Meeting,  to  be  held  in  the  middle  of  July, 
promises  to  be  equal,  in  every  respect,  to  the  most  successful 
Country  Meetings  of  the  Society.  The  entry  of  agricultural  im- 
plements and  machinery  is  large  beyond  precedent ;  and  as  a  great 
number  of  these,  instead  of  lying  inactive,  as  hitherto,  in  the 
yard,  will  be  at  ordinary  work  during  certain  hours  of  the  Show, 
they  will  present  a  new  and  instructive  feature  in  the  exhibition. 
The  Council  have  been  induced,  on  the  representation  of  a  very 
large  proportion  of  the  implement  manufacturers  who  exhibited 
last  year  at  Carlisle,  to  apportion  the  Society's  prizes  and  trials 
in  the  implement  department  over  three  years,  instead  of  including 
them  all  in  each  successive  year.     The  implements  for  prizes 
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and  trials  have,  accordingly,  been  divided  into  classes  for  thii 
three-years'  rotation  under  the  following  beads  : — 1.  Implement^ 
and  machinery  for  the  tillage  and  drainage  of  land.  2.  Imple- 
ments and  machinery  for  the  cultivation  and  harvesting  of  crops. 
3.  Implements  and  machinery  for  the  preparation  of  crops  for 
market  and  cattle-food.  Those  under  the  first  of  these  heads 
will  form  the  Prize  and  Trial  Implements  for  the  Chelmsford 
Meeting,  in  addition  to  the  Special  Prizes  of  500/.  for  the  best 
Steam  Cultivator,  first  and  second  Prizes  for  Reaping- Machines , 
and  Prizes  for  new  and  miscellaneous  implements.  The  Con- 
sulting Engineer  of  the  Society  has  constructed  for  the  Chelms- 
ford Meeting  new  Dynamometers,  as.  the  measures  of  forces 
required  to  overcome  the  resistance  offered  by  the  soil  to  tbe 
different  classes  of  field-implements.  The  knowledge  thus  ac- 
quired of  the  amount  of  such  resistance  when  compared  with 
the  work  actually  done,  enables  the  Judges  accurately  to  esti- 
mate the  relative  economic  value  of  competing  implements 
intended  for  the  cultivation  of  the  soil.  The  Live  Stock 
portion  of  the  exhibition  will  include  foreign  cattle  and 
sheep  belonging  to  foreigners  and  bred  abroad.  For  the  pur- 
pose of  making  entries  for  ^  foreign  animals  during  the  ap- 
proaching Great  International  Show  at  Paris,  in  the  first  week 
of  June,  the  Council  have  extended  the  date  of  entry,  in  their 
case,  from  the  1st  to  the  12th  of  that  month.  The  Local 
Chelmsford  Committee  have  liberally  placed  at  the  disposal  of 
the  Council  the  sum  of  200Z.  to  be  awarded  as  extra  prizes  for 
thorough-bred,  hunting,  and  roadster  horses.  These  prizes  will, 
no  doubt,  attract  a  large  amount  of  competition,  and  greatly  in- 
crease the  interest  of  the  show. 

Agreeably  with  a  request  from  the  French  Government,  the 
Council  have  appointed  Mr.  Evelyn  Denison,  M.P.,  Chairman 
of  the  International  Implement  Jury  at  the  ensuing  Paris  Meet- 
ing, and  ten  English  Jurors  to  represent  this  country  in  the 
different  departments  of  live  stock  and  implements  on  that 
occasion. 
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The  Council,  in  conclusion,  have  again  the  satisfaction  of  con- 
gratulating the  members  on  the  gradual  fulfilment  of  the  objects 
for  which  the  Society  was  originally  established  If  practice  is 
slow  in  its  development,  the  application  of  science  for  its  im- 
provement requires  the  greatest  caution.  In  reviewing  the  active 
exertions  of  the  Society  from  its  commencement,  it  could  hardly 
have  been  expected  that  so  much  real  advantage,  both  directly 
and  indirectly,  could  have  been  obtained  in  so  brief  a  period. 
By  means  of  scientific  aid  a  clue  is  gradually  being  gained  to  the 
operations  of  the  natural  influences  on  the  soil,  and  to  the  pro- 
cesses by  which  vegetable  life  is  modified  and  maintained.  The 
ordinary  operations  of  farmins;  will  no  doubt  eventually  derive 
full  benefit  from  the  discoveries  of  science,  and  become  more 
economical  in  their  accomplishment,  and  more  certain  in  their 
results. 

By  order  of  the  Council, 

JAMES  HUDSON, 

Secretary. 
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3Essa8S  anb  Bepom — prizes  for  1 857.— ah  Prizes  of  the 
Royal  Agricultural  Society  of  England  are  open  to  general  com- 
petition. Competitors  will  be  expected  to  consider  and  discuss  the 
heads  enumerated. 


L   MIOBOSCOFIO  INVESTIGATION. 

Fifty  Sovereigns  will  be  given  for  the  best  Report  on  the 
Results  of  Microscopic  Observation  applied  to  the  Vegetable 
Physiology  of  Agriculture. 

It  is  not  thought  desirable  to  confine  the  observer  too  strictly  to  any 

particular  line  of  research,  the  only  necessary  limitation  being:,  that  -l 

the  plants  to  be  examined  and  reported  upon  shall  be  selected  from  j 

those  commonly  cultivated;  such  as  the  cereals,  or  those  usually  i; 

known  under  the  names  of  pulse,  root,  and  fodder  crops.     The  'i 

stmctural  formation  of  these  plants — their  ordinary  vital  processes  * 

— modifications  of  the  above  induced  by  climatic  influences  or  the 
application  of  manure — morbid  changes  of  their  tissues  consequent 
ujx)n  the  attacks  of  insects  or  disease, — would  all  prove  extensive 
and  interesting  fields  of  inquiry ;  and  it  must  be  left  to  the  writers 
themselves  to  select  those  particular  branches  of  the  subject  on 
which  they  are  able  to  supply  the  greatest  amount  of  original 
information. 


n.   LEVELLING  RIDGE  AND  FITBBOW  IN  FASTUBES. 

Twenty  Sovereigns  will  be  given  for  the  best  Essay  on  Levelling 
Ridge  and  Furrow  Pasture  Land  after  drainage. 

Any  method  recommended  must  be  consistent  with  the  preservation  of  the 
old  sward,  and  must  be  accompanied  by  a  detailed  account  of  the 
cost  of  the  whole  operation. 


m.   ADMIZTXTBE  OF  SOILS. 

Twenty  Sovereigns  will  be  given  for  the  best  Essay  on  the  per- 
manent Amelioration  of  Soils  by  admixture  with  others. 

Claying,  marling,  dry-warping,  or  any  similar  operation  by  which  soil  of 
one  kind  is  mixed  with  land  of  a  different  description  in  sufficient 
quantity  to  effect  a  permanent  improvement  in  its  quality,  may 
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properly  form  the  subject  of  an  Essay  competing  for  this  prize. 
Competitors  will  be  expected  to  state — 

1.  The  mode  of  carrying  on  the  operation,  whether  by  carting,  by  move- 

able railways,  or  by  digging  trenches,  as  practised  in  the  Fen  districts. 

2.  The  subsequent  mode  of  cultivation  which  is  found  to  effect  the  most 

complete  admixture  of  the  clay,  marl,  &c.,  with  the  land. 

3.  The  nature  of  the  improvement  efifected ;  whether  land  previously  too 

dry  becomes  observably  more  retentive  of  moisture ;  or,  if  heavy 
land,  whether  superfluous  moisture  is  more  rapidly  discharged  and 
the  difi&culty  of  cultivation  thereby  lessened. 

4.  Whether  diseases  characteristic  of  certain  land,  such  as  deaf  ears  of 

com  or  finger  and  toe  in  turnips,  are  removed  or  sensibly  diminished. 

5.  Permanency  of  benefit. 

6.  Cost. 


IV.   DESTBUOTIOK  OF  TEBXm. 

Ten  Sovebeions  will  be  given  for  the  best  Eeport  on  the  Destruc- 
tion of  Vermin  infesting  the  Homestead  and  Stackyard. 


V.   ENTERING  UPON  FABMS. 

Twenty  Sovereigns  will  be  given  for  the  best  Essay  on  the 
comparative  Advantages  of  entering  upon  Farms  in  Spring 
and  Autumn,  together  with  Instructions  to  the  young  Farmer 
on  his  entry  at  either  season. 

The  instructions  to  an  incoming  tenant  will  be  expected  to  contain — 

1.  A  calendar  of  farm- work  for  each  month  of  the  year. 

2.  Stock  of  difierent  descriptions  required  per  100  acres. 

3.  Estimate  of  food  requisite  for  carrying  such  stock  through  the  different 

seasons. 

4.  Number  of  horses,  carts,  and  other  implements  to  be  provided. 

5.  Hints  for  use  at  the  time  of  entry  on  the  premises ;  such  as  methods 

of  calculating  the  contents  of  hay-stacks  and  manure-heaps,  mode 
of  dealing  with  fixtures,  &c. 


VI.   WINTEB  BEANS. 

Ten  Sovereigns  will  be  given  for  the  best  Esfay  on  the  Com* 
parative  Advantages  of  sowing  Beans  in  Spring  and  Autumn* 

As  the  success  of  Beans  sown  in  Autumn  is  materially  influenced  by  the 
character  of  the  following  Winter,  competitors  will  be  exjDected  to 
state  the  result  of  more  than  one  year's  experience  on  this  subject. 
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Vn.  EABLY  AND  LATE  SOWING  OF  BOOT  CBOFS. 

Ten  Sovereigns  will  be  given  for  the  best  Essay  on  the  results 
of  early  and  late  sowing  of  turnips  and  other  root  crops. 

To  avoid  mildew,  it  is  found  advisable  in  many  parts  of  the  country  to 
sow  late,  oven  at  some  sacrifice  in  weight  of  crop.     State, 

1.  The  practice  of  different  districts  in  this  respect,  with  any  exceptional 

cases  which  may  be  well  established. 

2.  The  comparative  weight  of  early  and  late  sown  turnips  or  other  root 

crop.  The  crops  to  be  compared  must  have  been  sown  in  the  same 
season,  on  the  same  description  of  land,  and  treated  alike  in  every 
respect  but  the  time  of  sowing. , 

3.  The  causes  of  mildew  in  early  sown  turnips. 


VDX   ANY  OTHER  AGBICULTUBAL  SUBJECT. 

Ten  Sovereigns  will  be  given  for  the  best  Essay  on  any  other 
agricultural  subject. 


For  1858  :— 
ix.  drilling  corn  at  different  widths. 

Ten  Sovereigns  will  be  given  for  the  best  Report  on  the  result  of 
drilling  wheat  at  different  widths  with  the  same  quantities  of 
seed,  and  also  with  different  quantities  of  seed  per  acre. 

The  following  set  of  exixjriments  is  recommended,  but  competitors  will 
be  at  liberty  to  adopt  any  other  which  will  furnish  the  information 
rt'iiuired.  The  trial  plots  must  not  contain  less  than  half  an  acre 
each  : — 

Plots  1,  2,  3,  drilled  at  12  inches  from  row  to  row  with  4,  6,  and 
8  l^cks  of  seed  per  acre,  respectively. 

Plots  4  and  5,  at  10  inches  from  row  to  row,  with  6  and  8  pecks 

resi)ectively. 

Plots   6  and   7,  at  8  inches  from  row  to  row,  with  6  and  8  pecks 

respectively. 


The  Reports  or  Essays  competing  for  the  eight  first  of  these  Prizes  must  be 
sent  to  the  Secretary  of  the  Society,  at  12,  Hanover  Square,  London,  on 
or  before  March  1,  1857,  and  in  the  case  of  No.  9,  on  or  before  March  1, 
18r)8.  Contributors  of  Papers  are  requested  to  retain  Copies  of  their 
Communications,  as  the  Society  cannot  be  responsible  for  their  return. 

Rules,  &c. 
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EULES  OF  COMPETITION  FOR  PRIZE  ESSAYS. 


1.  All  information  contained  in  Prize  Essays  shall  be  founded  on  experienee 
or  observation,  and  not  on  simple  reference  to  books  or  other  sources.  Com- 
l)etitors  are  requested  to  use  foolscap  or  large  letter  paper,  and  not  to  write  cm 
both  sides  of  the  leaf. 

2.  Drawings,  specimens,  or  models,  drawn  or  constructed  to  a  stated  scale, 
shall  accompany  writings  requiring  them, 

3.  All  competitors  shall  enclose  their  names  and  addresses  in  a  sealed  coTer, 
on  which  only  their  motto,  the  subject  of  their  Essay,  and  the  number  of  that 
subject  in  the  Prize  List  of  the  Society,  shall  be  written.* 

4.  The  President  or  Chairman  of  the  Council  for  the  time  being  shall  open 
the  cover  on  which  the  motto  designating  the  Essay  to  which  the  Prize  has 
been  awarded  is  written,  and  shall  declare  the  name  of  the  author. 

5.  The  Chairman  of  the  Journal  Committee  shall  alone  be  empowered  to 
open  the  motto-paper  of  any  Essay  not  obtaining  the  Prize,  that  he  may  think 
likely  to  be  useful  for  the  Society's  objects ;  with  a  view  of  consulting  the 
writer  confidentially  as  to  his  willingness  to  place  such  Essay  at  the  disposal 
of  the  Journal  Committee. 

6.  The  copyright  of  all  Essays  gaining  Prizes  shall  belong  to  the  Society, 
who  shall  accordingly  have  the  power  to  publish  the  whole  or  any  part  of  sudi 
Essays ;  and  the  other  Essays  will  be  returned  on  the  application  of  the 
writers ;  but  the  Society  do  not  make  themselves  responsible  for  their  loss.  • 

7.  The  Society  are  not  bound  to  award  a  prize  unless  they  consider  one  of 
the  Essays  deserving  of  it. 

8.  In  all  reports  of  experiments  the  expenses  shall  be  accurately  detailed. 

9.  The  imperial  weights  and  measures  only  are  those  by  which  calculations 
are  to  be  made. 

10.  No  prize  shall  be  given  for  any  Essay  which  has  been  already  in  print. 

11.  Prizes  may  be  taken  in  money  or  plate,  at  the  option  of  the  suooessful 
candidate. 

12.  All  Essays  must  be  addressed  to  the  Secretary,  at  the  house  of  tlie 

Society. 


♦  Competitors  are  requested  to  write  their  motto  on  the  enclosed  paper  on  which 
their  names  are  written,  as  well  as  on  the  outside  of  the  envelope. 
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ifflemljers;'  ^nbileges!  of  Cftemiral  ginalpsffe. 

The  Council  have  fixed  the  following  rates  of  Charge  for  Analyses 
to  be  made  by  the  Consulting  Chemist  for  Members  of  the  Society ; 
who,  to  avoid  all  unnecessary  correspondence,  are  particularly  re- 
quested, when  applying  to  him,  to  mention  the  kind  of  analysis  they 
require,  and  to  quote  its  number  in  the  subjoined  schedule.  The 
charge  for  analysis,  together  with  the  carriage  of  the  specimens, 
must  be  paid  to  him  by  members  at  the  time  of  their  application. 

No.  1. — An  opinion  of  the  genuineness  of  Peruvian  guano    ..       5s. 
2. — An  analysis  of  guano ;   showing  the  proportion  of 
moisture,  organic  matter,  sand,  phosphate  of  lime, 
alkaline  salts,  and  ammonia  ..  ..  ..     10s. 

3. — An  estimate  of  the  value  ^relatively  to  the  average 
of  samples  in  the  market)  of  siilphate  and  muriate 
of  ammonia,  and  of  the  nitrates  of  potash  and  soda      10s. 
4. — An  analysis  of  superphosphate  of  lime  for  soluble 

phosphates  only         . .  . .  . .  . .  . .     10s. 

5. — ^An  analysis  of  superphosphate  of  lime,  showing  the 
proportions  of  moisture,  organic  matter,  sand,  solu- 
ble and  insoluble  phosphates,  sulphate  of  lime,  and 
ammonia        ..  ..  ..  ..  ..  ..      £1. 

G. — An  analysis  (sufficient  for  the  determination  of  its 
agricultural  value)  of  any  ordinary  artificial  ma- 
nure   ..  ..  ..  ..  ..  ..  .,      £1. 

7. — Limestone  : — the  proiX)rtion  of  lime,  7s.  Gd. ;  the  pro- 
portion of  magnesia,  10s. ;  the  proportion  of  lime 
and  magnesia  ..  ..  ..  ..  .,     15s. 

8. — Limestones  or  marls,  including  carbonate,  phosphate, 
and  sulphate  of  lime,  and  magnesia  with  sand  and 
clay    ..  ..  ....  ..  ..  ..       £1. 

9. — Partial  analysis  of  a  soil,  including  determinations  of 

clay,  sand,  organic  matter,  and  carbonate  of  lime  . .      £1 . 
10. — Complete  analysis  of  a  soil      ..  ..  ..  ..      £3. 

11. — An  analysis  of  oil-cake,  showing  the  proportion  of 
moisture,  oil,  mineral  matter,  albuminous  matter, 
and  woody  fibre ;  as  well  as  of  starch,  gum,  and 
sugar,  in  the  aggregate         ..  ..  ..  ..      £1. 

12. — Analyses  of  animal  products,  refuse  substances  used 

for  manure,  &c from  10s.  to    30s. 

13. — Determination  of  the  **  hardness  "  of  a  sample  of  water 

before  and  after  boiling         ..  ..  ..  ..     10s. 

14. — Analysis  of  water  of  land  drainage,  and  of  water  used 

for  irrigation  ..  ..  ..  ..        •  ..      £2. 

15. — Determination  of  nitric  acid  in  a  sample  of  water     ..      £1. 

N.B. — The  above  Scale  of  Charges  is  not  applicahle  to  Analyses  made  for  Per- 
S071S  cormnercMly  engaged  in  the  Manufacture  or  Sale  of  Manures. 

The  Address  of  Professor  Way,  the  Consulting  Chemist  of  the  Society,  is  15, 
Welbeck  Street,  Cavendish  Square,  London,  to  which  aU  letters  and  parcels 
should  be  directed. 

By  Order  of  the  Council, 

JAMES  HUDSON,  Secretary. 
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m.  — Bringing  Moorland  into  Cultivation.    By  Robert  Smith, 
Emmett's  Grange,  Exmoor. 

Prize  .Essay. 

The  reclaiming  of  moorlands  deserves  attention  among  the  other 
improvements  of  our  native  agriculture,  as  one  means  of  pro- 
viding food  for  an  increasing  population. 

All  lands  as  yet  uncultivated  or  unreclaimed  are  properly 
termed  the  waste  lands  of  England.  They  include  several  varie- 
ties of  soil,  and  are  placed  at  various  elevations.  They  have 
(each  in  their  way)  some  local  and  peculiar  influences  bearing 
upon  their  power  of  affording  a  due  return  for  any  spirited  outlay 
advanced  for  their  improvement.  It  admits  of  a  question  (which 
may  fairly  be  discussed  in  the  Journal  of  the  Royal  Agricultural 
Society)  whether  the  modern  improvements  in  practice  or  in 
science  have  advanced  to  such  a  degree  as  to  give  us  any  new 
advantages  in  grappling  with  those  ancient  difficulties  which 
have  caused  certain  moorlands  to  be  hitherto  neglected. 

Some  waste  lands  can  only  be  turned  to  account  by  planting. 
Under  this  head  fall  those  which  are  mountainous  and  rocky,  or 
very  much  exposed ;  while  the  marshes,  peat-mosses,  bogs,  and 
certain  other  moors,  are  more  suitable  for  cultivation  and  im- 
provement. 

The  difference  between  these  two  classes  of  waste  land 
suggests  a  division  of  labour  and  risk  in  the  task  of  improving 
them.  It  naturally  devolves  on  the  owner  of  an  estate  to  retain 
the  wild  and  unmanageable  lands  for  the  growth  of  timber,  not 
only  with  a  view  to  the  picturesque  beauty  of  an  improving 
estate,  but  also  as  a  means  of  lessening  the  disadvantages  of  an 
exposed  situation,  by  providing  shelter  prospectively  for  the 
stock  of  future  tenants,  and  further  for  use  in  fences,  gates,  and  ' 
buildings.  Where  this  first  step  is  neglected  a  heavy  loss^'^ 
entailed  on  those  who  succeed  to  the  ownership.  On  the  other 
hand,  such  lands  as  will  pay  for  cultivation  should  be  intrusted 
to  spirited  tenants,  with  the  encouragement  of  liberal  covenants, 
suited  to  the  particular  district  or  occupation. 

Tlie  term  liberal  covenants  may  suggest  innumerable  and 
vague  ideas  as  to  the  development  of  enterprise.  But  it  is 
evident  that  for  such  a  bold  and  important  enterprise  as  the 
*' reclaiming  of  waste  lands,"  hitherto  untouched  by  the  hand  of 
the  husbandman,  extraordinary  encouragement  in  some  form 
c?ither  is  or  ought  to  be  given  by  the  landlord.  This  encourage- 
inent  may  be  given  by  low  rents,  long  leases,  or  by  pecuniary 
5issistance,  which  is,  in  fact,  the  loan  of  capital.  It  is  the  opinion 
of  the   writer  that,  with  a  view  to  stability  and  an  honest  and 
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mutual  interest  in  the  future  welfare  of  an  estate,  far  the  hcst 
plan  is  that  the  owner  should  advance  at  once,  and  meet  the 
outlay  in  permanent  improvements,  by  the  expenditure  of  his 
own  capital,  as  an  investment,  with  a  view  to  enhance  the  value 
of  the  "  fee  simple  "  of  his  property.  When  the  owner  of  moor- 
land is  so  circumstanced  that  he  cannot  with  justice  to  his  family 
sink  capital  in  an  estate  in  which  he  may  have  only  a  life 
interest,  bis  operations  will  be  greatly  facilitated  by  applying  to 
some  of  the  companies  recently  formed  for  the  improvement  of 
lands. 

The  permanent  improvements  in  buildings,  fences,  roads,  &c., 
having  been  provided  by  the  landlord,  there  follows  a  suitable 
rental  and  the  full  use  of  a  tenant's  capital  in  cultivation,, 
tillages,  and  tenant's  works.  Otherwise,  when  a  tenant's  capital 
has  been  too  freely  invested,  under  sanguine  expectations,  in 
making  permanent  (or  landlord's)  improvements,  disappointment 
frequently  ensues  ;  further,  the  delusive  prospects  of  profit  from 
permanent  improvements  performed  and  paid  for  by  the  tenant 
have  an  unhappy  tendency  to  produce  discontent,  and  ultimately 
discourage  other  tenants  from  similar  enterprises.  This  dis- 
tinction in  the  employment  of  the  two  capitals  should  not  be 
lightly  overlooked,  or  treated  as  a  passing  remark ;  for  upon  a 
proper  adjustment  of  the  several  outlays  and  interests  mainly 
depends  the  success  of  the  undertaking. 

.  Moorlands  are  of  various  descriptions.  They  are  sometimes 
situated  in  low  and  comparatively  mild  districts,  sometimes  on 
moderately  elevated  lands,  but  more  commonly  upon  the  higher 
ranges  of  hill  or  mountain.  The  former,  from  their  low  range 
of  altitude,  are  usually  within  the  reach  of  common  cultivation, 
but  much  depends  upon  their  geological  formation,  subsoil,  and 
on  the  proximity  of  manure  and  markets. 

Our  principal  attention  will  be  given  to  the  elevated  moors  as 
presenting  greater  diflSculties.  This  part  of  the  subject  will  be 
the  more  interesting  and  practically  useful  in  the  present  state 
of  agriculture. 

Moors  much  elevated  above  the  sea,  or  where  the  surface  is 
covered  with  stones,  heather,  or  rough  grasses,  are  seldom  worth 
the  expense  of  cultivation,  and  from  their  height  and  consequent 
exposure  are  best  adapted  to  woodlands  and  wild  mountain 
pasturage  for  a  hardy  race  of  animals.  These  lands  are  usually 
covered  with  indigenous  plants,  which  should  be  observed. 
Where  the  fern,  broom,  or  heather  grows,  the  turnip  may  with 
safety  be  cultivated,  while  the  presence  of  the  English  furze  or 
whin  too  frequently  indicates  a  cold,  poor  soil ;  in  this  case  the 
habit  and  growth  of  the  plants  should  be  closely  looked  to,  as 
they  clearly  indicate  the  particular  nature  of  the  soil,  and  show 
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bow  far  it  may  be  trusted  to  produce  roots  and  artificial  grasses. 
ivith  advantage,  ih  return  for  the  expenditure  of  capital. 

It  is  a  practical  truth,  and  worthy  of  attention,  that  a  very 
large  proportion  of  the  best  arable  lands  now  under  modem  or 
first-class  culture  were  originally  (and  in  many  instances  not 
long  since)  covered  by  indigenous  plants ;  but  while  so  much 
has  been  reclaimed  from  time  to  time  in  the  more  favoured  alti- 
tudes, the  great  work  of  reclaiming  the  "  real  moors ''  yet  re- 
mains to  be  done.  The  Lincoln  headi  and  fens  were  brought 
into  their  present  condition  as  arable  land  by  the  hope  of  a 
return  from  com  crops ;  large  quantities  of  oil-cake  are  annually 
consumed  on  soils  naturally  poor  solely  with  a  view  to  com. 
The  moors  which  will  form  the  chief  subject  of  the  present  paper 
are  situated  at  too  great  an  ele.vation  for  the  growth  of  grain 
crops  with  profit,  and  have  thus  as  yet  not  commanded  sujficient 
attention.  But  concurrently  with  an  annually  increasing  impor- 
tation from  abroad  of  the  various  breadstuffs,  it  is  evident  that 
the  increasing  consumption  of  food  by  a  population  becoming 
every  year  more  dense,  upon  a  fixed  area,  must  ultimately  bring 
many  high  lands,  hitherto  neglected,  into  notice  for  the  production 
of  stock. 

Farms  already  in  cultivatipn,  on  which  the  growth  of  com  and 
the  feeding  of  stock  may  be  combined,  having  **  the  call "  for 
occupation,  the  moorlands  have  usually  either  been  left  to  men 
of  small  capital,  or  have  been  treated  as  adjuncts  to  other  occu- 
pations, and  even  on  this  plan  have  done  wonders. 

In  connexion  with  the  moors  of  inferior  order,  we  have  in 
Great  Britain  far  too  large  a  proportion  of  peaty  lands,  mosses, 
bogs,  and  even  morasses  ;  but  if  we  turn  to  the  sister  isle,  Ire- 
land, we  find  it  stated  that  at  least  1,500,000  acres  are  covered 
with  "  flat  red  bog,"  in  addition  to  peat  soils  covering  mountains, 
capable  of  being  improved  for  pasture  or  plantations,  to  the  ex- 
tent of  1,250,000  acres,  making  together  nearly  3,000,000  of  acres. 
To  deal  with  this  class  of  lands  long  and  even  sedulous  attention 
must  have  been  paid  by  the  improver  before  he  risks  too  lavish 
a  hand  in  the  reclaiming  of  these  usually  deep  and  hazardous 
lands. 

In  speaking  of  "peaty  soils  "there  are  those  of  moderate 
thickness  or  depth  in  the  English  counties  that  have  been  occa- 
sioned by  stagnant  waters  previous  to  their  subsequent  drainage, 
sucli  as  the  peats  of  Yorkshire,  Lincoln,  Cambridge,  Huntingdon, 
Lancasliire,  &c. ;  and  if  evidence  of  improvement  was  necessary, 
we  have  only  to  point  to  these  lands,  which  now  yield  abundant 
crops  of  every  description  of  grain  and  vegetables,  so  that  they 
may  be  ranked  in  the  first  class  of  corn-growing  districts. 
On  the  other  hand,  the  marshlands  of  England,   producing  the 
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better  grasses  alone,  have  long  been  redeemed  from  their  wild 
and  boggy  state  by  suitable  drainage  and  other  improvements. 

The  ifresh-water  marshes  were  once  closely  allied  to  the  pre- 
sent unreclaimed  moorlands  in  their  production  and  reception 
of  redundant  water  and  springs  ;  but  by  being  interspersed  with 
arable  land  they  have  been  more  quickly  and  profitably  improved, 
partly  by  necessity,  and  partly  owing  to  other  and  valuable  pre- 
cedents on  adjoining  or  neighbouring  estates. 
^  The  valuable  marshes  on  the  eastern  plane  of  England,  Rom- 
ney  marsh  in  Kent,  the  Somerset  marshes,  &c.,  fully  illustrate 
the  immense  return  resulting  from  former  improvements  in  their 
redemption,  as  they  are  now  employed  in  the  production  of  per- 
manent feeding  grasses  for  cattle  or  the  scythe.  Even  the  downs 
and  other  dry  open  lands,  treated  as  ''sheep-walks,"  have 
of  late  been  much  trenched  upon  by  the  neighbouring  farmers 
for  the  use  of,  and  addition  to,  their  present  arable  farms.  These 
downs  in  the  south  of  England  are  usually  so  thin  of  soil  that 
they  afford  but  little  temptation  to  the  husbandman,  and  are  thus 
used  as  ''  open  downs,"  affording  a  run  for  the  breeding  flocks 
of  the  several  farms,  or  for  the  support  of  what  is  called  a 
"  working  flock  "  of  sheep,  intended  to  act  as  manure- carriers, 
browsing  by  day,  and  closely  folded  by  night  on  the  corn-land. 
The  knowledge  of  the  true  elements  of  manure  gained  by  the 
aid  of  chemistry  is  introducing  a  better  system,  though  folding 
may  always  retain  its  proper  mechanical  use.* 

The  waste  lands  in  Yorkshire  and  Lincolnshire  are  provin- 
cially  termed  "  the  Wolds."t  The  soils  of  these  districts  vary 
much ;  but  from  their  favourable  position  in  reference  to  climate 
and  to  markets  they  have  been  for  the  most  part  brought  into 
cultivation.  There  yet  remain  sandy  soils  stocked  with  rabbits ; 
but,  I  judge,  these  are  indeed  of  moderate  worth,  and  have  shown 
little  signs  of  response  to  outlay  ;  otherwise  the  marked  improve- 
ments which  have  followed  upon  claying  and  marling  must 
have  told  upon  the  owner  and  occupier.  For  we  have  re- 
corded facts  of  improvements  upon  this  class  of  soil  by  reference 
to  the  Norfolk  estates,  raised  up  from  barren  sandy  wastes 
to  rich  and  fertile  fields,  producing  alike  every  variety  of  pro- 
duce from  "  horn  to  com,"  and  these  of  the  very  best  quality. 
Consolidating  substances,  such  as  marl,  the  feeding  of  green 
crops  by  sheep,  folding,  &c.,  have  gone  far  to  produce  these 
valuable  results  upon  thin  sandy  soils. 

*  Much  still  remains  to  be  done  on  the  marshes  in  the  levels  between  the 
Mendip  and  Quantock  Hills.  Unfortunately  the  agricultural  remedy  cannot  be 
applied  until  some  comprehensive  legislation  shall  compel  the  subordination  of 
jarring  private  interests  to  public  good. — T.  D.  A. 

t  The  term  "  Wolds"  is  in  Yorkshire  exclusively  applied  to  the  chalk  hills  in 
the  East  Riding.— H.  S.  T. 
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Before  embarking  in  extensive  improvements  upon  any  avail- 
able waste  lands,  however  inviting,  it  is  prudent  to  assume  that 
these  have  some  peculiar  ot  local  disadvantages,  or  they  could 
not  have  remained  as  ^'  waste  lands  "  during  so  long  and  inter- 
esting a  period  of  our  modem  husbandry  ;  and  even  if  the  neglect 
of  these  lands  be  owing  to  prejudice,  it  is  well  to  satisfy  oneself 
distinctly  on  what  the  prejudice  rests,  for  it  is  sure  to  have  some 
foundation — whether  a  sound  one  or  not  may  be  ascertained  by 
careful  inquiry,  or  at  least  by  prudent  experiment.  Again,  if  the 
native  farmers  are  shy  to  encounter  them,  it  is  doubly  important 
for  a  stranger  to  meditate  well  upon  this,  and  to  calculate  carefully 
the  intended  outlay,  and  not  less  carefully  the  probable  return,  after 
allowing  a  wide  margin  for  losses  by  bad  seasons  and  accidents. 

The  groundwork  of  improvement  upon  which  a  practical  man 
may  go  with  safety  is  first  an  accurate  knowledge  of  the  district, 
its  advantages  and  disadvantages,  its  roads  and  markets,  to- 
gether with  a  faithful  estimate  of  the  present  and  probable 
future  value  of  the  lands  to  be  reclaimed.  If  an  extensive  im- 
provement by  enclosure  and  subsequent  culture  is  intended,  a 
general  map  of  the  district  or  lands  should  be  made,  and  an 
actual  survey  made  of  all  springs,  bogs,  watercourses,  wet  or  dry 
lands,  hilly  or  flat.  This  should  be  committed  to  paper  for  future 
reference  and  guidance  in  the  adjustment  or  laying  out  of  intended 
farmeries.  On  the  same  plan  all  mines,  quarries,  ancient  roads, 
natural  woods,  rights  of  streams  or  springs  for  irrigation,  should 
be  accurately  and  historically  marked. 

In  carrying  out  extensive  works  it  may  be  required  to  improve 
the  outline  or  general  consolidation  of  an  estate  by  purchase, 
sale,  exchange,  or  otherwise,  in  order  to  secure  outlets  for 
drainage,  connecting  roads  with  villages,  highways,  &c.  Much 
of  the  ultimate  value  of  an  estate  depends  upon  these  con- 
necting links,  or  on  the  natural  facilities  for  improving  them. 
Attention  should  also  be  paid  to  outstanding  common  rights 
and  claims,  which  are  sometimes  not  clearly  made  out  till  the 
increasing  value  of  adjacent  land  makes  them  more  difficult  to 
deal  with.  The  work  then  proceeds  satisfactorily  upon  a  pre- 
pared system  and  plan,  which  may  at  once  be  turned  to  in  the 
office  when  questions  arise  as  to  new  occupations. 

In  proceeding  to  the  practical  discussion  of  the  best  methods 
of  "  bringing  moorland  into  cultivation,"  it  will  simplify  the 
subject  to  take  them  in  regular  order,  commencing  with  the  wild 
and  open  moorland  "  as  nature  formed  it." 

The  Effect  of  Climate. — Open  wastes  at  an  altitude  of  700  to 
800  feet  and  upwards  are  beyond  the  growth  of  wheat  or  barley,  • 
with  profit,  except  in  a  few  situations  exceptional  for  aspect  or 
shelter  and  consequent  warmth.    In  some  dry  seasons  a  tolerable 
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return  may  be  made  ;  but  in  backward  seasons  the  produce  at  this 
height,  owing  to  exposure  to  the  moist  vapour,  is  of  small  value. 
Even  in  average  seasons  these  crops  too  frequently  outgrow  their 
strength  (from  the  humidity  of  the  summer),  become  lodged  at 
an  early  period,  and  consequently  are  of  little  "use  beyond  the 
abundant  supply  of  long  coarse  straw. 

Not  only  the  latitude  and  elevation  of  a  country  above  the 
sea  are  important,  but  the  aspect  and  vicinity  of  lands  to  moun- 
tains, or  to  swampy  ground,  are  also  material  in  their  influences 
on  temperature  and  natural  growth.  Again,  the  prevailing  direc- 
tion of  the  winds,  the  length  of  time  the  sun  continues  above  the 
local  horizon,  the  difference  of  temperature  between  day  and 
night,  as  also  the  extent  of  dry  surface  in  the  neighbourhood,  are 
each  in  their  way  balancing  elements  and  powers  for  and  against 
the  climate  of  every  district,  but  more  especially  those  under 
present  consideration. 

The  value  of  a  high  or  medium  range  of  temperature  is 
marked  by  its  effect  upon  vegetation,  as  at  a  certain  degree  of 
heat,  say  40^,  many  plants  become  torpid,  and  remain  in  that 
state  until  a  higher  range  of  the  thermometer  takes  place. 
When  revived  by  the  warmth  of  spring,  and  strengthened  by  the 
summer's  sun,  they  acquire  fresh  life,  vigour,  and  maturity. 
The  average  heat  of  a  season  is  not  so  important  as  its  intensity 
and  continuance  at  a  certain  height  while  the  crops  are  ripening ; 
it  is  the  absence  of  sun,  and  the  low  range  of  temperature,  upon 
elevated  lands,  that  prevents  the  growth  of  cereal  crops  with 
advantage,  but  more  especially  the  growth  of  the  wheat-plant, 
which  requires  a  much  higher  range  of  heat  than  barley,  while 
oats  may  be  grown  as  "  weeds  of  the  country  "  in  most  elevated 
situations,  though,  of  course,  their  profitable  result  will  depend 
on  the  season  and  the  harvest. 

The  winds  that  prevail  in  any  particular  quarter  have  a  greater 
influence  on  the  character  of  a  climate  than  is  usually  supposed  ; 
and  truly  is  it  said  that  "the  wind  rules  the  weather.  For 
instance,  the  winds  that  have  passed  over  from  the  coldest  regions 
of  Europe,  and  on  to  our  island,  are  comparatively  colder  than 
those  that  blow  over  the  Atlantic  ocean.  The  former  are  very 
properly  designated  the  cold,  dry,  easterly  winds,  while  the 
latter  are  usually  laden  with  vapour,  and  often  contain  such  an 
excess  of  moisture  as  to  be  even  prejudicial  to  a  whole  neigh- 
bourhood, but  more  especially  the  elevated  districts. 

Evaporation  is  again  an  important  and  objectionable  circnm- 
stance  in  a  moorland  district,  which  can  only  be  cured  by  the 
suitable  drainage  of  its  springs  and  surface  waters. 

Arrangement  of  Moorland  Farms. — In  the  laying  out  of  a 
bill  farm  which  shall  be  chiefly  dependent  upon  its  own  to- 
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sources,  it  is  found  best  (after  suitable  plans  and  arrangementft 
have  been  agrreed  upon  for  the  sites  of  plantations  and  public 
roads)  to  divide  the  lands  into  three  distinct  classes. 

First,  the  hill-top  and  other  rough  land  should  be  set  out 
(if  possible)  in  one  block  as  summering  ground  for  young  cattle, 
store  sheep,  colts,  ponies,  &c.,  to  be  subsequently  improved  by 
"  surface  drainage,"  similar  to  the  Scotch  plan  of  "  sheep-drains  " 
— an  inexpensive  process,  yet  found  -of  infinite  value.  Upwards 
of  one  hundred  pounds  have  been  expended  in  this  process,  near 
to  my  residence,  by  one  of  the  tenants ;  and  I  can  thus  speak 
with  accuracy  as  to  the  value  of  these  drains. 

The  second  or  middle  class  of  land  to  be  set  out  is  the  portion 
lying  immediately  below  the  rough  wet  ground,  or  situated  upon 
a  southern  aspect ;  this  is  usually  dry,  healthy  ground ;  these 
lands  are  intended  for  arable  culture. 

The  third  class  consists  of  the  flats  and  marshes  in  the  valleys, 
together  with  some  portions  of  the  adjacent  hill-sides,  which 
should  be  laid  out  for  pasture  and  water-meadows.  The  prac- 
tical bearing  of  such  an  occupation  is  that  of  stock-producing 
returns,  consequently  an  eye  must  ever  be  had  to  this  particular 
class  of  farming. 

In  the  arrangement  of  the  farmstead  care  must  be  taken  to  so 
place  the  buildings  that  "  water-power "  (in  a  hilly,  moist 
country)  may  contribute  its  full  share  in  the  works  to  be  taken 
in  hand.  To  the  water-wheel  we  must  look  for  the  future 
economy  of  the  labour  at  the  yard.  It  will  perform  the  thrash- 
ing, chafF-cutting,  grinding,  root-slicing,  &c. ;  the  stream  may 
also  be  so  arranged  as  to  wash  all  roots,  cleanse  all  offices,  collect 
the  sewage  of  the  establishment,  and  finally  convey  the  refuse 
to  the  adjacent  meadow  below  the  farmstead,  and  so  on  to  the 
end  of  the  farm  or  meadows.  But  this  cheap  and  inviting  aid 
miust  not  carry  the  improver  beyond  the  proper  requirements  of 
a  "  hill  farmyard."  It  must  ever  be  remembered  that  we  are 
treating  of  stock-farming,  and  not  of  the  harvesting  or  thrashing 
of  corn,  as  our  pursuit ;  neither  will  it  be  wise  upon  a  small  farm 
to  concentrate  too  many  sheds  at  the  farmstead,  as  they  will  be 
more  appropriately  situated  if  placed  near  the  several  watered 
meadows,  there  to  consume  the  hay,  and  produce  manure  upon 
the  spot  for  future  improvement,  and  thus  save  lots  of  cartage 
of  both  hay  and  manure.  Suitable  water-gutters  should  be  pro- 
vided to  convey  all  liquids,  &c.,  from  these  sheds  to  the  adjacent 
meadows  below. 

The  carriage  of  root-crops  to  a  farmyard  in  a  hilly  country  is 
objectionable,  and  should  be  reduced  to  the  lowest  possible  point ; 
the  consumption  of  roots  with  straw,  &c.,  in  yards  does  not 
belong  to  a  hill  farm  ;  it  is  far  better  to  avoid  growing  the  straw. 
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keep  but  little  cattle  in  the  winter,  and  to  eat  the  roots  upon  the 
land  with  sheep  as  a  general  rule. 

In  laying  out  the  fields,  paddocks  of  say  4  acres  each  should 
adjoin  the  homestead  as  nearly  as  possible  ;  then  should  follow 
a  range  of  fields  about  double  in  size,  say  8  acres.  As  the  fields 
gradually  become  more  distant  from  the  buildings  they  may  be 
increased  in  size,  according  to  the  position  of  the  lands  for 
shelter  or  other  local  circumstances ;  but  these  (if  possible)  should 
not  exceed  12  acres.  On  farms  of  considerable  size,  and  where 
the  object  is  (very  properly)  to  keep  a  large  flock  of  breeding 
sheep,  fields  of  much  larger  dimensions  may  be  laid  out ;  but 
let  these  be  the  more  distant  ones  for  general  pasturage. 

In  making  these  arrangements  the  better,  and  indeed  the  only 
proper  way,  is  to  commit  the  lands  to  paper,  and  then,  with 
'^  plan  in  hand,"  all  buildings,  sheds,  fields,  roads,  ponds,  and 
watercourses,  may  be  so  adjusted  as  to  form  one  consistent  pic- 
ture of  convenience,  and  to  simplify  the  future  arrangements 
whether  arable,  grazing,  mowing,  or  manuring. 

In  setting  out  these  fields  an  eye  should  be  had  to  local 
facilities  as  well  as  to  general  rules :  the  conveyance  of  surface 
water  by  means  of  the  fence  sides  to  given  points,  such  as  pond$ 
for  irrigation,  gives  an  instance  in  point ;  in  doing  this  the 
"spirit-level"  may  be  advantageously  used,  so  that  the  cross 
fences  upon  a  hill-slope  may  be  used  as  "  water-carriage  fences.** 
But  the  first  essential  in  a  hilly  district  is  to  get  a  proper  know- 
ledge of  the  lands  to  be  drained^  as  many  apparently  springy 
lands  only  require  to  be  subsoiled  to  lay  them  perfectly  dry. 

Since  writing  the  above  outline  I  have  considered  it  best  to 
illustrate  the  subject  with  a  map  of  the  farm  which  I  occupy, 
from  a  reference  to  which  a  general  idea  may  be  gathered  as  to 
the  plans  just  described. 

The  hill-farm  referred  to  was  taken  in  hand  by  its  occupier  as 
nature  formed  it  in  the  spring  of  1848 ;  at  that  period  it  was 
wont  to  produce  the  aquatics  and  heather  plants,  to  the  exclusion 
of  better  pasture,  but  it  now  exhibits  every  variety  of  artificial 
grasses,  valuable  roots,  watered  meadows,  and  a  considerable 
flock  of  breeding  ewes,  cattle,  colts,  and  ponies. 

Buildings, — The  buildings  upon  a  new  occupation  are  at  all 
times  an  important  feature  in  the  outlay  of  the  landlord's  capital, 
and  upon  such  outlay  a  proper  percentage  should  be  paid.  If^ 
when  landlords  hesitate  to  advance  these  improvements  in  highly 
cultivated  or  favoured  districts,  they  can  only  expect  as  a  natural 
result  an  indifferent  tenant,  how  much  more  reasonable  is 
apathy  on  the  part  of  the  tenant  of  lands  yet  uncultivated  as  to 
his  own  experimental  outlay  with  a  view  to  a  return  which  can 
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at  best  only  be  conjectural,  when  the  landlord  hesitates  to  take 
his  share  of  the  venture ! 

To  simplify  and  economise  the  outlay  in  buildings  upon  bill- 
farms,  I  have  fojand  it  a  good  plan  to  build  at  a  fixed  scale  of 
outlay,   according  to  acreage.      Let  us  suppose   a   case:    thus, 
should  an  application  be  made  for  a  farm  of  say  300  acres,  the 
party   is  naturally  ready  to  name  his  (already   selected)   spot 
"  upon  the  open  moors,'*  and  the  whereabouts  to  pitch  his  fating 
home  ;  these  conversations  over,  and  a  guarantee  given  that  the 
party  applying  has  sufficient  five-pound  notes  for  the  proposed, 
undertaking  on  his  part,  the  number  or  amount  of  buildings, 
style  of  residence,  &c.,  next  forms  a  leading  subject  of  the  treaty^ 
"  to  be  or  not  to  be."     The  printing  of  a  general  lease,  tenant* 
right  compensation,  memorandum,  &c.,  is  a  small  matter  to  over' 
come ;  and  it  is  the  want  of  some  fixed  basis  to  negotiate  upon^ 
for  the  buildings,  which  has  led  me  to  the  plan  of  spending  8U 
fixed  amount  of  capital  per  acre  in  tlie  erection  of  them. 

A  tenant  who  proposes  to  rent  and  cultivate  a  farm  of  3(XP 
acres  of  rough  hill  land  is  usually  a  man  of  the  neighbourhood, 
who  has  a  heart  for  "  roughing:  it,"  and  can  turn  his  own  band. 
to  the  plough  when  wanted.  This'tenant  at  once  disclaims  all 
idea  of  a  smart  house,  but  asks  for  small  yet  convenient  out- 
buildings. Assuming  that,  upon  an  average  of  cases,  these  farms 
are  to  have  one-fourth  of  their  lands  lying  waste  for  summer 
pasturage,  two  fourths  or  half  the  farm  as  arable,  and  one*fourtb 
as  meadow,  an  outlay  of  two  guineas  per  acre  uplta  the  prafKMed 
improved  occupation  will  be  ample  for  every  requisite  building 
both  at  the  farmstead  and  for  cattle-sheds  (linhays)  at  the  water- 
meadows.  As  a  confirmation,  I  supply  a  plan  of  a  farmstead 
with  its  actual  cost  of  erection,  as  also  one  of  a  cheap  linhay 
(open  cattle-shed). 

By  this  plan  every  facility  is  afforded  to  the  farmer  for  watch- 
ing his  farmyard  occupations  from  his  sitting-room  or  bedroom 
windows,  the  use  of  water-power,  and  every  other  requisite  for 
his  farm.  This  plan  may  be  adapted  for  yearly  outlays,  to  be 
spread  over  say  four  years,  as  per  plan  given  for  a  farm  of  100 
acres  and  upwards  at  page  361. 


PLAN    OF    BUILDINGS. 

Size  of  Farm  300  Acres  (in  a  hill  country). 

Scale— 32nd  part  of  an  inch  to  a  foot. 
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.  Fann-houso.    0.  Ash-house.    «.  Privies. 

t.  Calf-houses. 

I.  Piggeries. 

I.  Cart-horse  stable,  chaff  and  gear  houses,  with 
granary  over  for  hay  and  straw,  cutting  chaff, 
&c.,  with  door  out  of  stack-yard  and  bam,  with 
spout  to  convey  the  chaff  to  the  house  below. 

).  Bam,  with  water-power  attached. 

kx.  Water-wheel. 

J.  Implement-house.  )  Granary  oTer  out  of  the  bam,  and 

r.  Cart-shed.  3      '<*"*  ^*  **">  undemenih. 

i.  Open  or  close  cattle-sheds. 

).  Turnip-house. 

).  Cow-sheds. 

I.  Loose  box. 


12.  Nag-stable. 

13.  Gig  and  harness  house.  ' 

14.  Coal  and  wood  houae. 

15.  Entrance  gates. 

16.  Kitchen-garden. 

17  Open  yards,  for  cattle,  horses,  or  pigs. 

18.  Stack-yard. 

19.  Entrance  paved  road  to  all  the  yards  separately. 

20.  Sitting-room  window,   which  commands  eveiy 

door,  office,  and  yard  in  the  interior  of  the 
buildings. 

21.  Front  entrance  and  gaxden. 

22.  Shrabs. 

23.  Entrance  to  the  cart-horse  stable. 
24  and  25.  Planted. 


COST    OF    ERECTION    IK    1860. 
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tmth  F^ont . . .  .Total  cost  of  building  farm-house  .... 
carriage  of  materials  .... 
building  calves'  houses  and  piggeries,  kc 
carriage  of  materials  .... 
building  bam,  stable,  and  cart-shed 
carriage  of  materials 


Vest  Side 

'orthSide 

att  Side 

» » 
\xrmyards   .... 


building  open  cattle-sheds  and  turnip-house     . 

carriage  of  materials 

building  cow-sheds,  stable,  box,  gig  and  coal  houses 

carriage  of  materials 

building  stone-walls,  gates,  &c        .        .        .        . 
carriage  of  materials 


By  incnastd  cost  In  1656— say  17  per  cent 


£.    t,  d. 
146  13  10  1 
30  15  4  f 

177  9 

d. 
2 

36  2 
10  10 

1} 

46  13 

4 

128  9 
32  6 

t] 

T60  15 

3 

39  16 
10  11 

1} 

50  8 

4 

r47  4 
11  10 

t} 

£8  15 

0 

14  9 
4  4 

J} 

18  13 

4 

512  14 

6 

• 

• 

67  5 

7 

2600    0    0 


360 


Cultivation  of  Moorland. 


PLAN  OF  LINHAY  (CatUe-Shed), 
For  the  Water-Meadoics, 


The  above  linhay  is  30  feet  long  by  10  feet  in  the  clea 
two  oak  posts  or  pillars,  and  hay-loft  over,  and  is  placed  i 
a  hill-side  fronting  the  south ;  thus,  in  cutting  out  the  i 
the  bill-side  to  place  the  building,  sufficient  stone  is  tak< 
for  the  walling. 

Toted  Cost. 

£.   *.  d. 

Walling,  34  perch,  at  Is 1  14  0 

Raising  stones  for  ditto,  at  1« 114  0 

Woodwork,  roofing,  &c 10  0 

6  square  of  thatching,  at  12s 3  15  0 

Slating  roof,  at  Cs 0    9  0 

8  12    0 

The  wood  is  found  gratis  by  the  estate.  It  is  usual  to  i 
a  suitable  yard  in  front,  with  drains  to  carry  away  the  soi 
adjacent  pond,  or  empty  at  once  into  a  passing  water-can 
the  foot  of  the  yard),  to  be  shed  over  the  meadows  beloi 
this  is  an  arrangement  that  can  wait  its  time.  This  sh( 
hold  from  eight  to  ten  head  of  cattle,  according  to  their  si 

The  scale  of  figures  given  for  the  farmstead  and  linl 
per  acre)  will  be  found  to  fully  cover  every  requisite  ei 
and  may  be  applied  to  farms  of  any  size  ;  for  instance,  si 
a  tenant  with  small  means,  but  full  of  energy,  who  has  a  g^ 
industrious  family  about  him,  applies  for  a  ''  small  farm 
case  may  at  once  be  met  by  the  proposal  to  expend 
acre  upon  his  farm  of  say  70  acres  (three-fourths  of  wl 
improvable)  ;  and  then,  should  his  industry  lead  him  to  a 
application  for  additional  land,  up  go  a  corresponding  am( 
buildings. 
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In  the  case  of  laying  out  small  fanns  especial  care  must  be 
taken  so  to  arrange  the  buildings  that  they  may  be  "  added  to  " 
from  time  to  time  to  the  extent  of  any  probable  increase  of  land 
that  may  be  thrown  into  the  farm. 

The  plan  of  "  granary-bams,"  hay-lofts,  &c.,  in  a  hilly  country 
may  be  used  with  great  advantage,  and  with  a  saving  of  capital 
when  placed  against  hill-sides.  In  this  case  the  hill  is  cut  away 
for  the  buildings,  and  a  suitable  road  is  formed  at  the  back  upon 
a  level  with  the  granary  or  granary-bam  floor — a  great  conve- 
nience in  practice,  the  chief  merit  being  that  of  having  two 
offices  under  one  roof;  the  roof  being  the  major  outlay  in  the 
cost  of  all  buildings. 


Isometrical  View  of  House  and  Buildings  for  a  Farm  of  100  acres  and  upwards,  if  required. 

The  above  plan  is  arranged  to  suit  the  outlay  upon  a  small 
farm,  so  that  the  buildings  may  be  erected  from  time  to  time  as 
the  tenant  requires  them  for  use,  and  as  the  receipt  of  rent  comes 
in  to  assist  the  landlord's  outlay.  Thus  in  the  outset,  and  during 
the  first  summer,  the  house  and  adjoining  offices,  stable,  &c., 
with  granary  over  (1),  may  be  erected,  and  the  square  yard  en- 
closed by  a  substantial  wall,  which  will  come  into  use  when  the 
subsequent  buildings  shall  have  been  erected.  Second  year,  the 
remaining  south  offices,  stables,  &c.,  with  granary  over,  and 
granary- barn  with  sheds  under  (situated  at  the  north-western 
wing),  may  be  erected  (2).  Third  year,  the  western  cattle-sheds, 
turnip-house,  &c.  (3).  Fourth  year,  the  eastern  side  may  be 
filled  up  or  not,  according  to  the  progress  of  the  farm. 

The  usual  estimate  for  this  class  of  buildings,  12  feet  in  the 
clear,  of  proportionate  height  in  the  walls,  roofing,  &c.,  and 
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adapted  to  the  usual  average  purposes  of  this  class  of  fann,  is 
about  twenty-three  shillings  per  running  foot 

Should  men  of  capital  and  enterprise  wish  to  try  their  hmd  at 
extensive  enclosures,  cultivation,  stock-farming,  Jbc,  even  then  the 
house  and  buildings  can  be  erected  to  suit  them,  at  the  same  rate 
of  outlay,  and  on  the  same  plan  of  divisional  erection. 

Fencing, — Good  fences  are  of  course  an  indispensable  requisite 
in  the  enclosure  of  unreclaimed  land.  Fences  are  not  only  ne- 
cessary to  protect'  crops,  but  contribute  in  no  small  degree,  by 
the  shelter  they  afford,  to  augment  and  improve  the  produce 
itself.  The  making  of  small  plantations  upon  a  farm,  or  the 
planting  of  comers  between  fields,  thus, 


^^ 


or 


are  good  adjuncts  for  shelter. 

The  disposition  and  situatiba  of  fences  depensE  upon  a  variety 
of  circumstances,  such  as  the  extent  of  the  farm^  the  character  of 
the  land,  whether  arable,  pasture,  or  meadow^  on  the  ineqnalities 
of  the  surface,,  the  supply  of  water,  and  the  course  of  hnsbaodry. 
On  farn»  of  tolerable  size,  having  a  moderate  quantity  of  arable 
land,  the  number  of  enclosures  should  be  twice  as  many  as  the 
number  of  years  in  the-  rotation  of  cropping.  Thus  in  a  moist 
grass-land  district,  where  the-  fields  remain  in  pasture  for  several 
years,  and  are  under  the  six-field  course  of  culture,  there  should 
be  twelve  enclosures,  two  of  which  are  always  under  the  same 
crop  ;  and  the  situation  of  each  field  should  be  so  arranged  as 
to  group  together  a  good  and  an  inferior  field,  one  being  at  a 
higher  elevation  than  the  other,  and  consequently  at  a  greater 
distance  from  the  homestead — the  homeward  field  (being  nearest 
the  manure  heap)  thereby  affords  roots  for  the  yards,  if  wished, 
while  the  distant,  elevated,  poorer  field  has  its  produce  consumed 
upon  the  land. 

In  the  adjustment  of  the  lines  of  fences  much  convenience  and 
some  saving  of  expense  in  drainage  will  be  secured  if  they  are 
made  to  correspond  with  the  outlets  of  the  main  drains,  and 
these  again  with  the  carriers  for  irrigation. 

The  boundary  fences  formerly  erected  in  -hilly  districts 
against  the  open  common  lands  are  termed  '^  one-sided  fences,^ 
from  the  circumstance  of  their  being  made  with  an  upright 
facing  on  the  outer  side,  and  a  moderate  slope  on  the  inside. 
This  fence  is  faced  with  stones. 

The  front  of  this  fence  is  first  sunk  to  the  depth  of  2  feet,  and 
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the  soil  thrown  upwards  to  raise  tiie  head  or  intended  bank. 
The  stone  ditching  of  the  front,  by  lajers  of  stone  placed  edge- 
ways, then  proceeds  to  the  height  of  5  feet,  when  previously 
selected  rough  stones  are  j^iacsd  upon  the  head,  as  a  coping  or 
chief  protecting  ston»lMi»1^  whole  £ence.  Thus  completed,  the 
fence  is  full  6  fieet  hig^  and  proves  a  formidable  barrier  against 
all  intruders  ^  *«*  ikisb  stjdiK  of  fence  m  never  better  than  when 
first  erected. 


Its  not  being  planted  oe  raised  «b  Ae  inside  is  objectionable, 
— as  sheep  espmoUy^  chl  readiTy  jpopdbwir^  but  not  in  again, — 
and  must  have  been  adopted^  aft  »  present  saving  of  outlay,  in 
former  times ;  they  are  rairely  used  at  the  present  time  ;  I  have 
had  invariably  to  "  double  them  up  ^  on  the  inside  when  laying 
out  new  lands  for  cultivation.  Tenants  wifli  not  accept  them  as 
boundary  fences. 

This  fence,  when  completed,  costs  per  pcsch  of  16J  feet,  for — 

«.    d. 

Casting  the  bank      13 

Quarrying  the  stones        ..      1     3 

Carting  the  stones,  upon  an  average  of  half  a  mile      1     3 
Building  the  face  wall 13 


5    0 


The  more  modem  fence,  both  for  boundaries  and  substantial 
subdivisions,  is  faced  with  stones  on  each  side  to  the  height  of  4 
feet,  and  then  headed  or  finished  with  2  feet  of  grass  sods,  making 
the  fence  when  completed  full  6  feet  high.  These  fences  are  then 
planted  with  beech-plants  in  two  rows  upon  the  crown  of  the 
bank,  and  are  protected  by  low  hedges  on  each  side,  the  stakes  of 
which  are  made  from  fresh-cut  live  willows,  and  the  hedging 
wood  is  from  the  nearest  coppice  of  the  neighbourhood. 

The  plan  of  live  stakes  (provincially  termed  withy  pitches)  is 
a  good  one.  The  withy-plants  and  hedging  materially  aid  the 
growth  of  the  beech-plants,  and  support  the  bank  by  the  quick 
growth  of  their  roots. 

The  cost  of  this  style  of  fence  is  heavy,  but  it  is  a  good  and 
permanent  fence  when  once  erected. 
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This  fence  should  be  completed  by  the  end  of  Febniary 
The  sketch  shows  the  first  year's  growth. 


Fence  when  grown  to  its  best,  before  being  layeU  or  touched  in  any  way. 

I  give  the  cost  of  this  fence  entire,  at  per  perch : — 

8,  d. 

Throwing  and  heading  the  bank      1    6 

Building  4  feet  of  stone  on  each  side       ..      ..      ..  16 

Quarrying  the  stones  for  ditto 16 

Carriage  of  stones,  upon  an  average         16 

45  beech-plants 0    8 

Planting  beech-plants        0    1 

22  withy  pitches        0    9 

Hedging  wood  from  coppice  and  carriage        . .      . .  1    1 J 

Hedging  both  sides  of  fence      0    3 

8  lOJ 

In  the  erection  of  new  subdivision  fences  it  is  usual  for  the 
tenant  to  do  the  carriage  at  least,  but  these  are  matters  of  purely 
local  arrangement  according  to  mutual  agreement. 

There  is  another  style  of  bank,  "  the  sod-bank,"  which  is  the 
more  common  one,  from  the  apparent  cheapness  of  outlay  in  the 
first  outset.  This  fence,  from  the  nature  of  its  composition, 
being  made  entirely  of  soil  and  native  grass  sod  facings,  proves 
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in  after  years  an  endless  source  of  annoyance,  as  the  least  dis- 
turbance of  the  ^'  sod  facing  "  gives  rise  to  further  trespass,  and 
consequent  dilapidation. 

This  fence  has  the  same  heading  and  planting  as  the  last- 
named  one,  and  in  formation  is  the  same  as  to  size,  the  sods  being 
substituted  at  the  side  facings  for  stone,  as  shown  in  the  preced- 
ing sketch.  The  misfortune  of  this  fence  is,  that  the  native 
sods  do  not  grow  together.  This  arises  from  the  poorness  of 
the  soil  and  the  open  texture  of  the  natural  earth  under  its  thick 
covering  of  indigenous  plants. 

When  new  fences  of  this  order  are  erected  upon  old  improved 
lands,  the  sods  are  of  much  better  quality  as  to  solidity  and 
goodness,  and  thus  unite  by  future  growth,  and  form  a  tolerable 
fence.     Their  cost  stands  thus : — 

8,    d. 

Making  the  entire  bank 2    0 

Beech -plants  and  planting        0    9 

Materials,  hedging,  &c.,  and  carriage       ..     14^ 
22  withy  pitches        0    9 

4  lOi 

As  time  goes  on,  these  banks  require  to  be  faced  with  stone  to 
the  height  of  4  feet ;  this,  with  certain  repairs  consequent  upon 
the  former,  amounts  to  about  4*.  6rf.  to  5*.  per  perch,  including 
the  carriage. 

By  sinking  the  ditch  at  the  foot  of  a  bank,  in  a  triangular  form^ 
say  2  feet  deep,  all  cattle,  &c.,  are  prevented  reaching  the  grow- 
ing plants,  or  otherwise  injuring  the  bank  by  their  feet.  This  is 
indeed  a  valuable  preventive. 

Upon  moorlands  that  have  those  unfortunate  clays  for  their 
surface  and  subsoil,  it  is  not  uncommon  to  see  a  double  sod 
fence  thrown  up,  with  deep  ditches  on  either  side,  and  three 
rows  of  quick  planted  in  the  centre,  one  on  each  side  and  one  in 
the  middle.  This  fence  has  many  objections,  but  none  greater 
than  the  enormous  extent  of  land  it  occupies. 

The  merit  of  lofty  bank  fences  (especially  when  they  have 
their  growing  wood  upon  the  top)  is  in  the  immediate  shelter 
they  afford  in  an  open,  bleak,  and  elevated  district ;  and  are  thus 
very  properly  termed  and  used  as  the  fence  of  the  country  on  open 
moorlands. 

In  the  enclosure  of  moderately  elevated  moorlands  many  have 
had  recourse  to  what  are  termed  *'  hedges  upon  the  flat."  These 
have  a  ditch  sunk  upon  each  side,  and  the  soil  extracted  is  thrown 
into  the  centre,  whereby  a  raised  platform  is  made,  and  the 
quick-plants  laid  in  as  the  works  proceed,  or  at  its  earliest  com- 
pletion, taking  care  that  the  roots  are  deposited  in  the  best  soil ; 
when  they  are  thus  advanced,  an  additional  **  back  fence  "  by  a 
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double  post  and  rail^  placed  upon  the  inner  side  of  tlie  ditch,  for 
the  protection  of  the  plants,  is  given  thus  : — 


At  the  period  of  the  Lincoln  Heath  enclosures,  it  was  cnstooiarj 
to  adopt  the  plan  of  double  sod-banks  on  either  side,  andadoabk 
row  of  quick  was  planted  between  them. 


Inches. 


These  banks  were  composed  of  native  sods,  and  built  up  one 
upon  the  other,  as  shown  in  the  sketch,  similar  to  dry  stone  walls, 
the  base  of  the  bank  being  wide,  and  then  gradually  tapering  to 
the  top. 

So  soon  as  the  quick  became  of  sufficient  consequence  to  form  a 
fence,  these  decayed  banks  were  mixed  with  lime,  and  applied  to 
the  land  as  manuring  substances. 

The  stone  wall  fence  is  a  great  favourite  on  the  Heath  ;  and  as 
the  stones  arc  upon  the  spot,  many  miles  of  it  have  been  erected, 
and  stand  good  to  this  day. 

The  objection  to  this  stone  fence  is  that  it  never  improves  itself 
or  the  scenery  around,  and  has  a  cold  appearance. 

The  number  of  fences  upon  a  farm  will  entirely  depend  upon 
the  amount  of  shelter  (or  succour,  as  the  west-country  fiaunners 
call  it)  required  by  the  situation  and  climate. 

The  plan  of  cross  banks  for  shelter,  thus,  as  used  in 
some  parts  of  Scotland,  are  valuable  aids  for  sheep- 
farming  in  stormy  weather.  They  should  be  placed  in 
good  and  selected  situations. 

Having  myself  occupied  rather  largely  both  in  the  east  and 
west  of  England,  I  can  bear  full  testimony  to  this  remark,  and  I 
cannot  but  think  that  the  *^  sweeping  remarks  "  which  are  levelled 
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at  the  west  of  England  fences,  although  they  may  have  been  well 
intent! oned,  are  wrong  in  the  main.  We  must  not  forget  the 
Atlantic  gales. 

In  corn  countries  it  is  no  matter  how  few  and  how  low  the 
fences  are,  but  in  a  moist,  windy,  and  elevated  district,  suitable 
for  the  production  of  stock  alone,  which  naturally  requires  shelter 
against  such  elements,  good  stoned  and  ditched  banks,  with 
healthy  beech-plants  upon  them,  are  no  small  adjunct  to  the  ca- 
pabilities of  a  west  of  England  hill-farm. 

The  Agreement. — The  letting  of  moorland  upon  equitable 
terms  embraces  an  extensive  range  of  topics  for  consideration. 

First,  we  have  the  '*  lord  of  the  soil  "  to  consult,  and  next  to  find 
a  suitable  tenant  for  the  work  to  be  done.  These  parties  either 
do  or  should  meet  upon  equitable  terms,  in  the  character  of  two 
men  meeting  to  make  a  bargain,  the  result  being,  "  If  you  will  do 
this,  1  will  do  that." 

The  first  business  will  be  to  arrange  the  general  principles  of 
the  bargain.  I'he  landlord  will  probably  agree  to  erect  suitable 
buildings,  fences,  to  make  roads,  &c.,and  to  perform  all  draina^, 
the  tenant  paying  a  proper  percentage  for  this  latter  outlay.  The 
tenant  will  then  have  to  reclaim  all  lands  and  wastes  (worthy  of 
cultivation)  under  suitable  covenants. 

The  carriage  of  materials  is  usually  thrown  upon  the  tenant,  or 
in  other  words  it  forms  a  part  of  his  agreement  towards  the 
matter.  Tiiis  is  a  stipulation  which  I  have  long  thought,  at  least 
upon  this  class  of  farms,  objectionable,  and  it  would  be  well  at 
any  rate  to  postpone  bringing  it  into  operation,  for  the  tenant 
will  liave  enough  to  do  with  his  teams,  during  the  first  few  years 
of  his  tenancy,  in  reclaiming  these  rough  and  rugged  lands. 

In  after  years  this  subject  may  be  more  fairly  pressed,  and 
thus  made  agreeable  to  both  parties,  by  the  tenant  doing  the  car- 
riage for  future  permanent  improvements,  and  so  enct)urag]ng 
the  landlord  to  keep  pace  in  his  outlay  with  the  progress  of 
land  cultivation. 

With  such  an  understanding  clearly  defined,  every  possible  and 
prudent  encouragement  should  be  given  to  the  tenant  First,  by 
a  long  lease  witti  breaks  in  it,  to  allow  the  tenant  to  quit  at  the 
end  of  a  certain  number  of  years,  should  he  wish  it  Second,  by 
a  proper  tenant-right  for  unexhausted  improvements  at  the  end 
of  either  term,  to  prevent  the  farm  being  run  out  towards  the 
end  of  the  term.  Third,  by  the  adoption  of  the  plan  of  a  "  scale 
of  rents,"  commencing  at  the  lowest  possible  figure  in  the  outset, 
and  increasing  every  four  years  to  the  end  of  the  term,  as  the 
farm  improves  in  value. 

To  illustrate  this  last  point  we  may  suppote  a  case,  viz. — that 
a  farm  is  let  for  20  years ;  that  the  tenant  may  quit  at  the  end  o£ 
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8  or  16  years,  and  that  the  average  value  of  the  farm  for  the 
whole  term  is  10s.  per  acre ;  the  scale  of  rents  in  this  case,  would 
run  thus : — 

Ist  4  years,  average  6  0  per  acre. 

2nd  „  8  0      „ 

3rd  „  10  0      „ 

4th  „  12  0      „ 

5th  „  14  0      „ 

Thus,  should  the  tenant  quit  at  the  end  of  the  first  terms  of  hi» 
lease,  he  will  only  have  paid  the  lowest  rents  during  the  period  of 
making  his  major  outlay. 

In  illustration  of  the  second  point — compensation  for  durable 
improvements — I  subjoin  a  copy  of  a  Memorandum  which  I  have 
found  highly  satisfactory  to  the  tenants  on  the  property  of  which 
I  have  the  care  as  resident  agent. 

Memorandum. 

In  order  to  encourage  the  tenant  to  coltivate  the  farm  in  the  highest  possible 
manner,  the  said  hereby  engages  on  behalf  of  himself  and  his 

representatives,  owners  of  the  farm  let  to  the  said  ,  on  ookditioh  of 

the  foregoing  covenants  having  been  fulfilled  and  kept  by  the  said  .  » 

his  executors  or  administrators,  that  when  the  said  ,  his  execaton  or 

administrators,  shall  quit  the  said  farm,  either  at  the  expiration  of  the  lease 
for  years,  under  which  he  holds  it,  or  at  the  expiration  of 

years,  as  by  the  said  lease  provided,  and  not  otherwise,  the  said  or 

the  incoming  tenant  will  allow  to  the  said  or  his  executors,  adminis- 

trators, or  assigns,  for  such  improvements  made  on  the  said  farm,  subsequent 
to  the  date  of  this  memorandum,  and  within  the  stated  period  before  quittms, 
as  are  contained  in  the  following  list,  and  are  marked  and  eniunerated  wi£ 
the  figures  ;  that  is  to  say,  so  much  of  the  amount  of  such  expense  as 

shall  be  in  the  given  proportion,  in  each  case,  to  such  a  number  of  years  as 
the  said  ,  his  executors,  administrators,  and  assigns,  shall  fall  short  in 

the  occupancy  of  the  said  farm,  after  incurring  such  expense :  rr  bexnq 

EXPRESSLY    STIFULATED  THAT  THE  TENANT  IS  TO   OrVE    AN  ACOOUNT  XAOH 

TBAB  of  such  outlay  as  he  proposes  to  make  in  duba3LE  improvements,  in 
order  to  obtain  the  owner's  sanction  in  writing  to  the  proposed  expense,  sugb 

SANCTION    BEING   NECESSARY  IN  ORDER   TO    CLAIM   OB   BE    ENTITLED   TO  AMY 

ALLOWANCE  from  him ;  and  shall  also  render  an  account  of  such  disburse- 
ments within  each  year, — such  account  to  be  examined  and  signed  1^  the 
landlord,  or  his  accredited  agent,  and  to  serve  as  a  voucher  for  Sie  sums  so 
to  be  recovered  by  the  said  tenant ;  and  that  non-payment  of  rent  (if  the 
same  shall  have  been  demanded,  and  afterwards  remain  impaid  for  the  space 
of  six  months)  or  non-fulfilment  of  covenants  shall  forfeit  any  claim  or 
right  to  such  allowance  for  improvements. 

The  proportion  of  the  proposed  conditional  allowances  to  be  regulated  as 
follows : — 

1st.  If  the  tenant  drains  the  land  at  his  own  expense,  with  the  consent  and 
subject  to  the  inspection  of  the  landlord  or  his  agent,  an  allowance  to  he 
made  for  the  materials  and  workmanship,  for  [eight  to  fourteen  years  at  the 
case  may  be]  years,  so  that  the  allowance  shall  yearly  diminish  in 

equal  proportions,  and  bo  cancelled  by  years'  enjoyment  of  the  im- 

provement. 
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2nd.  For  lime  used  on  the  land,  with  like  sanction;  th&  allowance  to 
extend  in  like  manner  for  four  years. 

3rd.  For  bones  used  on  the  Ismd,  with  like  sanction;  the  allowance  to 
extend  in  like  manner  for  thbee  years. 

For  other  manures,  as  the  case  may  he, 

4th.  For  subsoiling  peat-lands,  with  like  sanction ;  the  allowance  to  extend 
in  like  manner  for  four  years. 

5th.  For  making  and  planting  new  fences,  with  like  sanction,  the  same 
being  left  in  a  good  and  growing  state ;  the  allowance  to  extend  in  like 
manner  for  fourteen  years. 

6th.  For  making  water-meadows,  with  like  sanction,  the  same  being  left 
in  a  good  and  tenantable  state  ;  the  allowance  to  extend  in  like  manner  for 
[four  to  eight  years  as  tJie  case  may  he^  years. 

7th.  For  buildings  erected  on  the  land,  with  like  sanction,  the  same  being 
left  in  a  thorough  repair ;  the  allowance  to  extend  in  like  manner  for  twenty 
years. 

And  the  said  and  hereby  mutually  agree  that  if  any  dispute 

shall  arise  between  the  said  ,  their  executors  and  administrators,  upon 

the  said  quitting  the  said  farm,  or  upon  the  state  of  cultivation  or 

condition  thereof,  such  dispute  shall  be  settled  by  two  referees,  one  named  by 
each  party,  or  their  umpire ;  and  in  case  one  party  refuse  to  nominate  a 
referee  within  ten  days  after  notice  has  been  given  in  writing  by  the  other 
party,  the  referee  of  the  other  party  alone  may  make  a  final  decision. 

If  two  referees  are  appointed,  they  are  to  nominate  an  umpire  before  pro- 
ceeding to  business,  and  the  decision  of  such  referees  or  umpire,  as  the  case 
may  be,  shall  be  final. 

Witness  the  hands  of  the*  parties. 

The  landlord  should  reserve,  at  least  on  strata  deficient  in 
lime  (as  one  of  his  conditions),  that  no  land  shall  be  broken  up 
from  its  original  or  natural  state  without  being  properly  and 
sufficiently  limed,  that  is^  with  at  least  2^  to  3  tons  of  lime  per 
acre,  upon  which  the  landlord  will  stipulate  to  pay  bis  propor- 
tion, according  to  the  annexed  memorandum. 

In  the  event  of  the  tenant  commencing  upon  a  small  jet 
eligible  site  for  additions,  as  has  been  previously  named  under 
4he  head  of  "  Buildings,"  it  should  be  agreed  that  only  a  certain 
amount  of  buildings  should  be  erected,  or  rather,  that  a  certain 
amount  of  money  should  be  spent  in  buildings  each  year,  that  is, 
just  so  fast  as  they  are  required  for  use,  instead  of  erecting  a  mass 
of  buildings  in  the  outset,  many  of  which  must  remain  unoccu- 
pied until  the  farm  shall  have  so  far  advanced  as  to  require 
them. 

The  enclosure  fences  to  be  erected  by  the  landlord  should  all 
be  properly  specified  in  the  agreement  and  upon  the  plan  of  the 
farm,  leaving  all  subsequent  divisional  fences  to  be  agreed  upon 
as  the  work  proceeds ;  as  so  much  depends  upon  the  turn  things 
may  take  for  or  against  the  farm.  In  the  carrying  out  of  these 
subsequent  agreements  there  need  not  be  the  least  difficulty,  pro- 
vided that  both  parties  meet  on  the  footing  of  having  a  mutual 
interest  in  the  progress  of  improvement  as  fast  as  their  respective 
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capitals  can  be  laid  out  with  a  prospect  of  reasonable  retom ; 

and  that  the  consideration  of  these  two  distinct  interests  is  regu- 
lated by  mutual  confidence  and  good  wilL  In  no  instance  should 
a  new  fence  be  erected  until  the  land  is  required  for  cultivation, 
as  it  would  be  absurd  to  enclose  rough  lands  (or  a  whole  farm) 
before  they  are  actually  wanted  for  improvement  The  cost  of 
fencing  is  a  high  charge  upon  '*  open  lands  ;"  but  with  an  increa»' 
ing  population,  and  consequent  increased  consumption  of  food, 
we  have  a  good  guarantee  before  us  that  our  increased  produce 
will  find  a  ready  and  remunerating  market ;  so  that  the  invest- 
ment to  be  made  by  the  landlord,  coupled  with  that  of  the  tenant, 
may  fairly  be  classed  amongst  the  safe  calculations  of  the  day,  and 
a  proper  return  of  interest  for  his  outlay  may  be  expected.  In 
saying  this  I  must,  however,  add,  that  the  outlay  should  be  judi- 
ciously adapted  to  local  circumstances,  and  that  too  much  should 
not  be  expected  at  first,  as  the  value  of  the  "  fee  simple  "  of  the 
estate  will  be  steadily  increasing  (as  shown  by  the  scale  of  rents), 
if  the  tenant  is  well  and  efHciently  encouraged,  and  may  ultimately 
warrant  even  a  more  extended  outlay  in  permanent  improvement 
for  the  further  development  and  beauty  of  an  estate.  There  b 
no  safer  investment  than  well-directed  capital  in  permanent 
improvements ;  and  far  better  would  it  be  to  improve  a  property 
already  in  hand  than  to  extend  the  acreage  by  purchase  of  addi- 
tional lands. 

Cu/tivation. — ^The  first  operation  in  the  cultivation  of  an  un- 
improved htU-farm  is  that  of  draining.  Draining  is  a  subject 
on  which  so  much  has  been  spoken  and  written,  that  it  might 
have  been  lightly  touched  upon  here  were  it  not  for  the  pecoUar 
circumstances  which  on  moorlands  serve  to  modify  geneial 
principles. 

Drainage  has  now  fairly  become  a  science,  and  nearly  every 
farmer  is  so  far  advanced  in  this  science,  blended  with  **  practice 
at  his  finger-ends,''  that  he  becomes  his  own  *'  director  of  a  confr- 
pany  of  drainers." 

S<>  far  as  I  have  yet  seen  and  practised  the  art  of  draining  in 
a  hilly  country,  my  choice  would  most  certainly  fall  upon  native 
talent — men  who  have  grown  up  with  the  systems  pioved  by 
continued  practice  to  be  best  adapted  to  their  particular  stratum, 
rock,  or  district. 

The  drainage  of  any  lands  naturally  depends  upon  a  proper 
knowledge  of  the  position,  depth,  and  direction  of  the  stiata  to 
be  dealt  with,  as  well  as  of  their  relative  porosity  or  power  of 
transmitting  water,  or  impeding  its  passage. 

The  angle  at  which  the  surface  of  moderately-sloping  hills 
inclines  to  the  globe's  surface  is  a  matter  to  be  attended  to ;  but 
with  reference  to  the  moorlands  on  the  western  portion  of  the 
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island  the  superficial  inclination  is  less  important  than  that  of  the 
dip  of  the  strata.  These  lands  are  generally  composed  of  materials 
lying  in  a  stratified  order,  and  in  oblique  or  slanting  directions 
downwards.  Some  of  these  strata  are  capable  of  admitting  water 
to  percolate  through  them,  while  others  are  altogether  impervious, 
and  thus  force  it  to  filtrate  near  the  surface,  and  in  that  way 
conduct  it  to  the  more  level  lands  below,  and  render  them  moist 
and  swampy.  The  rocks,  or  strata  which  constitute  hilly  or 
mountainous  tracts  are  often  found  to  be  continued  in  much 
greater  regularity  than  others.  The  rain  that  falls,  as  also  the 
condensed  moisture,  thus  sinks  through  the  superficial  porous 
materials  and  passes  on  to  the  closer  strata  at  a  lower  point  on 
the  sides  of  such  elevations,  until  it  is  retarded  by  some  impene- 
trable substance,  such  as  tight  rock  or  clay.  At  this  stage  it 
escapes  at  some  low  position,  and  oozes  out  in  the  shape  of 
"  springs/'  which  sometimes  appear  at  a  uniform  level  for  a 
great  distance  along  a  hill-side,  poisoning  all  the  ground  below 
them.  Tliese  springs  are  governed  in  their  discharge  by  the 
extent  of  the  high  ground  on  which  the  moisture  is  received  and 
detained  ;  while  bog-springs  are  those  that  empty  themselves  at 
the  foot  of  high  eminences,  and  form  swamps  and  morasses. 

The  object  to  be  attained  in  draining  these  b(^-lands  is  not 
therefore  to  catch  the  surface  water,  but  that  which  flows  from 
the  spring-head.  For  this  purpose  it  is  necessary  to  cut  a  deep 
"  open  drain  ^  from  bottom  to  top  of  the  valley,  commencing  at 
the  lowest  possible  level,  care  being  first  taken  that  the  washings 
of  these  open  drains  be  conveyed  by  "  water  gutters "  to  some 
adjacent  dry  hillside,  as  by  a  little  management  nearly  the  whole 
of  the  soil  to  be  removed  from  the  open  cutting  may  be  washed 
away  by  the  passing  current,  rather  than  lifted  up  to  the  adjoining 
bank,  which  by  reason  of  the  pressure  upon  the  bank  side  too 
frequently  runs  in  again. 

On  reaching:  the  head  of  the  Bog  or  twarmp  caie  must  be  taken 
to  "  drive  up  "  a  deep  and  efficieat  level  to  the  **  spring-head," 
for  tapping  and  carrying  away  the  stream  that  there  issues  from 
the  '*  tij^rht  rocks."  This  deep  cutting  will  prevent  the  escape  of 
any  water  into  the  old  underground  drains  or  currents. 

This  main  outlet  should  then  be  left  for  a  time  to  settle,  and  to 
afford  an  opportunity  for  observing  what  amount  of  good  has 
been  accomplished,  and  what  remains  to  be  done. 

The  after  process  is  to  tap  all  springs  that  remain  at  the  sides 
or  otherwise,  and  so  conduct  them  as  to  empty  into  the  permatient 
open  drain. 

For  cutting  these  drains  through  peaty  soil,  and  say  6  inches 
into  the  fixed  strata  below  (to  prevent  the  possibility  of  the  water 
slipping  the  drain),  we  usually  pay  at  the  rate  of  Scf.  per  foot 
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downwards  for  a  perch  of  16^  feet  in  length ;  but  in  the  case  of 
mixed  cutting,  where  rock  intervenes,  a  small  increase  in  price 
is  usual,  making  it,  upon  an  average  of  drains  and  depths  up  to 
4  feet,  at  the  rate  of  2id.  per  perch  for  the  cutting. 

The  general  cost  for  cutting,  stoning,  and  fiUing-in  runs  thus : — 

8,     d. 

Cutting  drain  4  feet  deep,  at  2id.  per  perch       0  10 


Quarrying  stones  for  drains 0 


Setting  the  stones  15  inches  high  and  filling  in  the  drains 
Carriage  of  stones  is  invariahly  done  hy  the  tenant. 


0  5 

1  8 


The  cutting  of  all  drains  upon  lands  which  have  been  formed 
bj  deposits  from  time  to  time  must,  as  a  standing  rule  (never  to 
be  omitted),  be  always  cut  from  6  to  8  inches  into  the  bed  below, 
so  that  when  filled  in  with  stones  these  may  be  fairly  placed 
below  the  old  current  of  the  passing  water. 


SECTION  OF  BOO. 


Assuming  that  the  head  of  the  bog,  as  also  all  other  upright  or 
side  springs,  are  drained,  and  the  land  itself  sufficiently  setded 
for  improving  operations  (after  lying  some  months),  some  amsi- 
deration  is  necessary  as  to  the  better  plan  of  doing  this,  which 
will  be  treated  upon  hereafter. 

Occasional  Springs, — Should  springs  occur  at  particular  levels 
on  the  line  of  rock,  and  upon  the  moderately  sloped  lands,  it  may 
be  best  to  check  their  descent  by  making  horizontal  drains  of 
some  length  across  the  declivities  of  the  hills,  and  thus  conduct 
or  empty  them  into  the  nearest  brooks  or  open  ditches.  But 
should  these  horizontal  drains  run  in  line  with  the  strata  or  strike 
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8BCTION  OV  DRAIN. 


of  the  country,  it  will  be  necessary  to  keep  them  a  little  below 
the  porous  stratum  that  supplies  the  water,  and  cause  occasional 
upright  drains  to  be  driven  across  them ;  by  this  means  the  upper 
line  of  water  issuing  from  behind  some  impervious  bed  or  rock 
will  be  effectually  tapped  and  cured. 

In  ordinary  cases  of  draining,  care  should  be  taken  to  lay  out 
the  drains  so  as  to  cross  the  line  of  strata  at  right  angles ;  by 
this  plan  many  acres  will  be  laid  dry  by  means  of  a  single  deep 
drain,  while  numbers  of  drains  cut  with  the  line  of  country  have 
done  but  little  or  no  good. 

The  more  feeble  springs  that  empty  themselves  upon  the  sides 
of  the  hills,  and  often  at  a  low  range,  through  some  loose  or 
porous  soil,  shakes  in  the  rock,  or  otherwise,  are  best  tapped 
by  a  short  level,  and  at  a  tolerable  depth :  these  should  be  so 
arranged  as  to  be  placed  in  immediate  connection  with  the  "  water- 
gutters  "  that  are  passing  at  their  foot,  so  that  the  latter  may 
receive  the  drainage  water.  These  water-gutters  should  be  set 
out  before  the  draining  is  executed,  and  the  outfalls  of  the  drains 
and  the  lines  of  the  water-carrier  should  be  considered  in  their 
bearing  upon  each  other.  The  water  issuing  from  underground 
drains  is  generally  excellent  as  irrigatipn  water,  although  if  it  had 
been  allowed  to  ooze  out  through  the  vegetable  matter  near  the 
surface  it  would  have  done  nothing  but  mischief.  The  material 
used  for  draining  in  an  elevated  country  is  usually  native  stone, 
which  is  quarried  upon  the  spot  and  found  to  be  much  cheaper 
than  tile  or  pipes. 

Again,  in  practice  it  is  found  that  liberally  stoned  drains  in  a 
stormy  district  carry  away  these  sudden  gushes  of  water  more 
effectually  than  the  small  aperture  of  a  tile  or  pipe.     Pipes  of 
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large  dimensions  would  of  course  meet  this  difficulty,  but  the 
outlay  would  far  outstrip  that  of  the  stones  and  really  be  of  no 
increased  yalue  to  the  draini. 

The  carriage  of  foreign  materiak  in  a  hilly  country  is  always  a 
formidable  affair,  and  is  nercr  qmii»  oonvenientto  the  tenant  when 
making  his  advances  in  other  works  of  cultivation.  The  teams 
are  better  engaged  in  drawing  lime  for  the  decomposing  of  the 
reclaimed  bog-earth.  A  partaNe  railway^  supplied  by  the  land- 
lord for  the  use  of  the  geneial  property,  would  be  an  excellent 
means  of  meeting  extreme  caies,  such  as  the  improvement  of 
bogs  or  hill-sides,  by  dressings  of  soil  of  an  opposite  character. 

Peats  and  Flow  Mosses. — ^The  lowest  class  of  peats  are  those 
designated  the  "  peat  or  flow  mosses,"  such  as  are  common  in 
Ireland  and  Scotland.  These  are  osoally  situated  upon  flat 
ground,  lying  upon  underground  basins,  impervious  to  drainage 
and  natural  outfalls,  and  thus  an  accumulation  of  stagnant  water 
breeds  a  collection  of  coarse  aquatic  plants ;  and  as  one  moss  or 
grass  decays,  another  is  found  to  spring  up  upon  its  decayed 
remains,  and  so  on  for  ever,  until  arrested  by  enterprise  uid 
capital.  These  stagnant  bogs  may  well  be  compared  to  a  sponge 
which  has  been  filled  from  time  to  time,  even  to  overflowing, 
and  thus  becomes  useless — once  emptied  of  its  fluid  the  sponge 
is  convertible  to  other  and  better  uses.  Below  these  morasses 
are  found  even  good  furrows  of  earth,  on  which  trees  have  grown 
in  former  ages,  before  these  flats  and  basins  became  to  &r  in- 
undated and  saturated  by  stagnant  water. 

To  mark  the  original  cultivation  and  habitation  of  these  lands 
I  may  quote  the  late  Arthur  Young's  remarks  contained  in  his 
*  Irish  Tour :' — 

'*  Mr.  Bowley  keeps  a  very  considerable  domaiu  in  his  own  hands ;  adjoin- 
ing to  it  is  a  black  turf  Ix^  of  admirable  use  for  firing.  I  viewed  it  atten- 
tively, and  am  clear  that  all  such  bogs  as  this,  vnih.  a  fall  from  them  (!)  for 
draining,  might  easily  bo  improved  into  excellent  meadow.  They  have  fonad 
at  14  feet  deep  evident  marks  of  the  plough  in  the  soil  at  bottom,  alio 
remains  of  cabins,  cribs  for  cattle,  mooses'  homes,  oaks,  yews,  and  fir,  being 
good  red  deal." 

Here  we  have  a  striking  instance  of  original  fertility  super- 
seded, or  we  may  say  literally  swamped,  by  neglect.  The  ques- 
tion for  modem  art  is,  How  can  this  huge  mass  of  vegetables 
be  reduced,  at  the  least  expense,  to  a  state  of  complete  decay  ? 
How  can  it  be  made  (what  other  masses  of  vegetables  are  made) 
a  dunghill  for  poor  lands,  or,  where  it  lies,  be  converted  into 
an  inexliaustible  fertile  soil  ?  If  water  is  the  originating  cause 
of  a  peat-moss,  take  away  the  water,  and  it  is  surprising  how 
soon  a  deserted  morass,  bog,  .or  channel  of  a  river,  obtains 
verdure  and  suitable  plants  for  its  improved  occupation.     If  the 
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plan  of  subsequent  tillage  is  adopted,  the  growth  <>f  potatoes  is 
found  to  be  one  of  the  most  prodaetive  and  profitable  it>ot-crops, 
but  on  reclaimed  lands  there  is  no  doubt  of  raising  succulent  crops 
of  any  kind,  or  of  their  weight  being  proportioned  to  the  spirited 
culture  of  the  land.  Not  so  with  the  cereal  crops,  as  they  are 
generally  too  luxuriant  in  their  growth,  and  become  faulty  from 
the  softness  of  their  straw.  The  laying  down  <rf  such  lands  into 
permanent  grass,  after  some  few  root-crops  have  been  grown,  will 
be  found  the  more  safe  and  profitable  plan,  being  more  in  accord- 
ance with  the  soil,  situation,  and  habit  of  such  lands  as  are  yet 
too  full  of  un decayed  vegetable  matter  for  the  growth  of  com. 

Amongst  the  more  prominent  results  in  the  reclaiming  of  peat 
or  flow  mosses  are  those  recorded  in  the  Society's  Journal,  vol.  x. 
p.  1,  and  contained  in  the  Prize  Report  of  the  Farming  of 
Lancashire,  viz.  Chatt-Moss.  This  extensive  moss  is  situated 
within  a  few  miles  of  Manchester ;  its  area  is  about  6000  acres. 
Many  had  been  the  attempts  to  drain  this  morass  previous  to  the 
period  of  1834,  when  a  more  comprehensive  view  of  its  form, 
depth,  character,  and  outfall  was  taken,  and  these  obstacles 
mainly  overcome.  The  triumph  is  now  nearly  complete.  An 
ingenious  plan  of  applying  marl  upon  the  drained  surface  has 
done  much  for  its  solidity  in  the  outset.  Other  agents  wete 
subsequently  employed  upon  remaining  portions,  none  affording 
better  results  than  the  application  of  "  lime  and  '^salt"  as  a  top- 
dressing:  this  corrected  the  mossy  tendency  of  the  soil,  and 
proved  of  infinite  value.  The  report  above  referred  to  is  worthy 
of  careful  perusal,  and  renders  any  further  detailed  accounts 
unnecessary,  beyond  the  practical  remark,  that,  by  whatever 
means  these  bogs  are  reclaimed,  certain  it  is  that  no  other 
meadows  surpass  them,  and  that  they  rise  to  a  marketable  value 
correspondin**'  to  that  attained  by  other  lands. 

To])s  of  Hills. — On  the  summit  of  hill-lands  occur  the  more 
general  or  common  peats,  such  as  are  usually  cut  for  fuel :  these, 
having  been  occasioned  by  stagnant  water  upon  a  comparatively 
level  base,  which  has  no  natural  drainage,  are  left  dependent 
upon  the  sun's  rays  for  evajjorating  its  accumulated  moisture,  to 
the  no  small  annoyance  of  a  surrounding  district.  These,  by  a 
aice  art  in  the  adjustment  of  outfalls  and  levels,  may  be  much 
improved  by  open  surface  gutters,  whereby  even  occasional  hill 
springs  may  be  led  into  them  and  carried  along  to  some  con- 
renient  slope  for  irrigation,  by  means  of  slightly  inclined  gutters, 
taking  care  to  avoid  the  injury  of  too  rapid  a  descent  after  heavy 
rains.  These  tributary  streams  empty  into  others  of  somewhat 
larger  dimensions,  and  these  again  into  a  "  floating  gutter  "  for 
ipreading  these  so  accumulated  surface  waters  over  the  mossy 
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dry  hill-sides,  whereby  these  weeds  and  other  inferior  grasses  are 
destroyed,  and  the  better  ones  are  encouraged  to  take  their  place.* 
From  the  irregularity  of  the  declivity  of  some  hill-sides,  alternate 
patches  of  wet  and  dry  ground  appear:  these  wet  spots  are 
usually  formed  by  the  drainage  of  the  upper  surface  water  upon 
them,  and  are  thus  changed  in  their  character  by  an  accumalation 
of  aquatic  roots  being  grown  and  decayed  upon  them  from  time  to 
time.  In  the  arable  culture  of  these  wet  spots  it  is  found  best, 
first  to  cut  off  the  supply  of  surface  water,  and  then  at  a  suitable 
time  of  tillage  to  subsoil  them  to  break  what  is  provincially 
termed  ^^  the  pan."  This  is  a  crust  of  iron  sediment  upon  which 
is  usually  formed  another  sediment  of  clayey  matter:  these  re- 
quire to  be  moved  (broken  up)  before  the  water  can  possibly 
percolate  through  them  into  the  subsoil  below,  but  when  once 
this  has  been  performed  all  is  well,  and  these  hitherto  neglected, 
yet  deepened  soils,  become  the  best  for  afterculture  in.  the  growth 
of  artificial  grasses. 

The  draining  of  mixed  soils  at  the  foot  of  hill  land,  where 
clayey  formations  and  deposits  abound,  is  considerably  more 
tedious  and  difficult  than  where  the  superficial  and  internal  parts 
have  gieater  regularity.  Sand  beds  or  sediments  of  any  kind, 
interspersed  with  clay  beds,  having  no  communication  with  each 
other,  require  so  many  drains  as  there  are  different  beds,  and  con- 
sequently the  group  of  drains  becomes  very  complicated*  In 
this  instance  it  is  better  to  decide  upon  laying  out  one  main 
drain,  taking  care  that  it  passes  from  the  nearest  and  lowest  part 
of  the  flat  intended  to  be  drained  up  to  the  highest  sand  bed,  and 
causing  it,  if  possible,  to  pass  in  its  course  through  or  imme* 
diately  under  some  of  the  intermediate  sand  beds,  the  remaining 
beds  being  drained  into  this  general  outlet.  Where  a  thick 
deposit  of  clay  is  found  resting  upon  sand  or  gravel,  but  one 
course  remains  for  adoption,  and  that  is,  to  cut  a  drain  throngh 
the  bed  of  clay  until  the.  passage  of  the  water  shall  have  bMi 
reached ;  but  it  may  yet  happen  that  the  land  is  not  properly 
drained,  and  that  a  succeeding  cutting  through  another  bed  of 
clay  may  have  to  follow.  Where  difficulties  of  this  nature  occur 
it  is  always  best  to  ascertain  the  depth  and  nature  of  the  strata 
by  the  sinking  of  pits  in  various  places,  taking  care  that  they  are 
sunk  in  the  direction  of  the  intended  drain.  These  should  be 
formed  in  size  suitable  to  the  probable  depth  they  have  to  be 
sunk  (according  to  the  nature  of  the  ground),  as  they  must  be 
carried  down  until  the  bed  of  sand,  gravel,  or  rock  is  reached 

♦  Care  must  be  taken,  however,  to  exclude  the  dark  peat-water  from  the  irri- 
gation gutters,  as  it  is  poison  to  water-meadows. — T.  D.  A. 
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that  contains  the  water.  In  extreme  cases  recourse  has  been  had 
to  boring  with  boring  rods  to  ascertain  at  what  depth  the  stratum 
containing  the  water  lay.  This  species  of  examination  or  test 
has  the  merit  of  preventing  any  random  or  uncertain  work  in  the 
laying  out  of  speculative  drains,  and  affords  data  for  judging  of 
the  depth  and  substances  to  be  dug  through.  The  laying  in  of 
drains  upon  sand  or  gravelly  bottoms  is  a  very  hazardous  opera- 
tion, and  care  should  be  had  in  the  proper  selection  of  materials 
to  carry  off  the  water. 

In  the  character  of  country  now  under  discussion  it  is  found 
best  (when  passing  these  beds)  to  lay  a  layer  of  flat  stones  along 
the  bottom  of  the  drains,  and  then  place  pipes  with  collars  along 
the  line  of  centre,  and  fill  up  the  sides  with  stone.  Where  stone 
alone  is  used,  the  plan  of  setting  the  side  stones  upon  the  joint 
of  the  bottom  stones  has  been  adopted  to  advantage,  the  draia 
being  completed  with  broken  stone  in  the  usual  way — the  chief 
feature  in  either  case  being  to  take  care  that  the  bottom  stones 
are  equally  weighted  at  either  end,  or  they  may  pitch  at  one  end 
and  thus  spoil  the  drain. 

In  my  own  case,  at  the  early  stage  of  taking  these  wastes,  or 
rather  morasses,  in  hand,  I  adopted  the  plans  of  trenching,  double 
digging,  ploughing  by  horses  walking  on  the  side  of  the  furrow^ 
&c. ;  all  of  which  plans  I  have  since  proved  to  be  far  too  expen- 
sive in  the  outset,  as  this  amount  of  time  and  capital  could  be 
better  employed  upon  other  lands,  until  the  bog  had  become  per* 
fectly  settled  by  consolidation. 

My  subsequent  plan  has  been  to  concentrate  or  conduct  a  body 
of  water  at  the  higher  level  of  the  bog-land,  and  then  wash  on  to 
it  soil  of  any  kind  that  could  be  had  in  its  neighbourhood  by 
means  of  ''  water-carriers  :"  this  deposit  is  placed  thickly  upon  the 
mossy  peat,  and  with  the  assistance  of  lime  it  promote%  the  growth 
of  new  natural  and  improving  grasses,  to  the  exclusion  of  the 
sedgy  mosses,  which  decay,  and  ultimately  form  a  second  manure 
for  future  roots  to  feed  upon.  It  must  ever  be  remembered  that 
'^  economy  of  design  and  practice ''  should  be  so  blended  as  to 
produce  the  greatest  possible  return  from  a  given  employment  of 
capital — and  this  in  the  present  instance  has  to  be  done  upon  a 
rude  and  rugged  waste,  acres  of  which  are  waiting  their  turn  for 
a  share  of  the  outlay.  Thus  it  is  found  in  geneiral  better  to  expend 
capital  in  the  outset  over  many  broad  acres,  than  to  confine  a 
heavy  outlay  upon  some  few  acres  of  bog,  however  inviting  may 
be  the  greater  ultimate  return  in  the  distance.  The  result  of  my 
trenching  plan,  &c.,  was  tolerably  good,  but  the  latter  plan  I 
found  to  be  much  better,  and  a  great  relief  to  my  labour  account 
while  other  improvements  were  going  on.  The  cost  per  acre  of 
redeeming  the  bog  by  cultivation  stood  as  follows  :^ — 
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Drainage,  £,  ^   4, 

Gnttdng  an  open  dndn  up  the  centre  to  the  head  of  the 
spring — 16  perch,  or  4  chains,  at  4s 0  16    0 

Tapping  uprijit  and  side  springs  into  open  course — 52 

perch  of  4-feet  drains,  cut,  stoned,  and  filled,  at  Is.  8<?.      4    6    8 

6    2    8 

Ctdtivaticn, 

Trenching  14  inches,  by  2  spits  deep        8    5  O 

4  tons  of  lime  and  carriage         4    3  4 

Horse  and  manual  labour  in  cultivating,  sowing  rape- 
seed,  &c 10  0 

£13  11  0 
In  return  for  the  above  outlay  I  had  a  crop  of  rape  (coleseed) 
worth  3/.  per  acre,  which  was  fed  off  by  sheep  to  consolidate  the 
surface.  The  land  was  then  winter  ploughed  to  the  depth  of  tbe 
settled  trenching,  and  cleaned  in  the  spring,  previous  to  being 
sown  down  with  permanent  grasses  for  subsequent  water-meadow. 
The  meadow  is  now  a  good  one,  and  of  infinite  value  to  the 
occupation,  but  its  cost,  to  my  thinking,  was  far  too  mucb  ^  to 
repay  a  tenant's  outlay."  Hence  the  cheaper  plan  (above  alluded 
to)  suggested  itself,  and  has  since  been  generally  adopted :  its  cost 
is  small  by  comparison,  and  of  course  not  so  immediate  in  its 
return ;  but  time  has  shown  that  great  things  may  be  done  upon 
rough,  low-lying  lands,  by  more  simple  and  inexpensive  means. 
I  give  the  cost : — 

£^  «.  dL 

Drainage,  as  per  former  statement 5    0    6 

Paring  off  all  hanks  and  levelling  in  a  rude  way     ..      ..     0  10    0 

Cutting  water-gutters  0  10    0 

Raising  and  washing  out  soil  to  the  land  by  means  of 

floating  it  on  by  the  water  and  gutters 0  10    0 

3  tons  of  lime,  and  carriage,  spread  upon  the  land  after 

the  above  process 3    2    6 

Brushing  and  other  labour         0    2    6 

9  15    6 

Grass-seeds  may  or  may  not  be  sown  with  this  plan»  at 
a  cost  of  say 0  10    0 

£10    5    6 
Another  yet  cheaper  plan  has  been  found  to  answer  remarkably 
well,  and  the  meadows  are  now  producing  excellent  herbage  boUi 
as  to  quality  and  quantity,  viz. : — 

£.  «.  i 

Drainage,  as  per  statement        5    0  6 

Paring  the  rough  grasses  and  levelling  them  in,  &c.       ..     0  15  6 

Glittering  for  Mratering  and  washing  out  soil  for  the  land      0  10  0 

Labour  in  raising  and  washing  soil 0  10  0 

No  lime        

£6  16    0 
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In  cases  where  the  advantages  of  "  washing  out  soil "  cannot 
be  attained,  it  may  even  pay  to  cart  decayed  mould  or  peat  on  to 
rough  uncultivated  lands,  but  in  this  case  I  should  prefer  the 
plan  of  cultivation,  d&  the  carriage  of  soil  is  always  inconvenient 
and  expensive  in  comparison  with  the  return  it  affords. 

It  may  be  thought  that  to  eradicate  the  aquatic  and  other 
natural  grasses  would  be  the  safer  and  certain  way  of  improve- 
ment, but  practice  and  patience  have  shown  me  that  nature  has 
much  to  do  in  the  adjustment  of  these  matters — to  adapt  nature's 
grasses  to  nature's  laws  and  elements.  Thus  it  is  best  to  pursue 
the  cheaper  plan  of  improvement  when  making  water-meadows. 

The  reclaiming  of  bogs  and  peat-soils  in  a  com  country  is 
another  matter,  as  the  growth  of  root-crops  and  grain  would  be  a 
preferable  course  to  adopt,  and  would  make  a  proper  and  suitable 
return  for  the  larger  outlay. 

Cultivation  of  the  Natural  Soil — The  first  ground  selected  for 
culture  will  naturally  be  near  the  house  and  yards,  that  some 
few  small  fields  may  be  quickly  broken  up  for  roots  and  subse- 
quent crops  for  the  yet  small  but  varied  stock  of  the  farm. 
Paring  and  burning  the  surface  soil  is  the  first  step  (in  the  right 
direction)  towards  improvement ;  then  follow  the  usual  ploughings, 
harro wings,  dressings,  &c.,  for  a  root-crop,  which  is  invariably  a 
good  one,  and  produced  at  a  comparatively  cheaper  cost  per  ton 
than  those  grown  upon  the  inland  turnip  soils.  This  may  be 
lightly  received,  especially  when  we  consider  (at  first  sight)  that 
the  one  is  a  rough  uncultivated  barren  waste,  and  has  to  be  re- 
claimed, while  the  inland  field  savours  of  all  the  advantages 
of  improved  culture:  these  are  wide  odds  at  starting,  but 
when  reduced  to  paper  are  not  so  formidable  at  the, end  of  the 
race. 

Comparative  Cost  of  Cultivating  an  Acre  of  EUl  Land^  at  am  elevation  of 
1000  feet,  against  an  Acre  of  Lincdki  Heath,  both  being  pnpared  for 
Turnips, 

Lmocin  Heathy  Twrnip-faUow,* 

£.  f.   d. 

By  rent  and  parochial  rates        15    0 

By  3  ploughings,  at  8s.  each      ^ 14    0 

By  cross  draggings,  rollings,  harrowings,  drilling,  manure 

*^and  seed,  &c 0  10    0 

By  20  bushels  of  hones,  at  2s.  Qd.  (or  other  artificials  to 

the  same  value)        2  10    0 

£5    9    0 

*  The  figures  here  given  were  given  to  the  writer  about  oght  years  ago  by  ome 

of  the  best  LincolD  Heath  farmers. 
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Unreclaimed  Waste  (dry  land),  £.    «.  d. 

By  paring  and  burning       10  0 

By  one  ploughins:,  8«. ;  dragging,  &c.,  3«.  6(? Oil  6 

By  2i  tons  of  lime,  at  20s 2  10  0 

By  rent  and  rates        0    7  6 

By  sowing  tuniip-seed         0    10 


£4  10    0 


The  weight  of  the  root-crop  would  in  all  probability  be  in 
favour  of  the  new  land.  The  ashes  resulting  from  the  burning  of 
this  thick  coating  of  indigenous  plants  are  found  to  be  powerful 
agents  for  the  production  of  roots,  but  little  good  is  really  effected 
without  the  aid  of  lime  to  mix  with  the  fibrous  earth  beyond  the 
growth  of  a  turnip  of  inferior  size.  By  way  of  testing  these  matters 
I  determined  to  try  certain  experiments  with  varying  quantities  of 
lime,  which  was  the  more  important  to  me  as  I  had  decided  that 
the  amount  of  money  to  be  expended  in  the  purchase  of  artificials 
should  be  lafd  out  in  lime,  the  great  essential  for  newly  broken- 
up  land.  The  soil  should  be  as  far  as  possible  pulverized  to 
mix  readily  with  the  lime. 

Different  Experiments,  each  upon  One  Acre  of  Land.* 


Time 

of 

Sowing. 


On  Xatnral 

Soil,  without 

Ashes  or 

Lime. 


With 
Native 
Ashes 
alone. 


Native 

Ashes  and 

1  Ton  of 

Lime. 


Native 
Ashes  and 
2  Tons  of 

Lime. 


Native 
Ashes  and 
2i  Tons  of 

Lime. 


Native 

Ashes  and 

SandSi 

Tons  of 

lime. 


Qaantityof ' 
Une  ainUed 

Experinmts. 


Jane  1< 


Came  up 

weakly 

and  died 

away  again. 


Produced 
6}  tons 

of 
turnips. 


Produced 
12§  tons 

of 
turnips. 


ProdncediProduced  Produced 


18  tons 

of 
turnips. 


20iton8 

of 
turnips. 


22^&28 
tons  of 
turnips. 


As  a  stand- 
ing nile» 

SitODS 

per  acre.  ' 


The  turnips  have  usually  been  drilled  fourteen  inches  apart 
on  the  flat,  with  a  few  loads  of  ashes  per  acre  (collected  in  the 
same  field),  and  the  crops  have  fully  realised  my  expectations. 
These  have  been  partly  consumed  upon  the  land,  and  partly 
carted  away  on  to  neighbouring  dry  lands — taking  especial  care 
to  have  a  good  quanti^  in  *'  pits  "  for  rough  hill-country  weather. 

In  the  earliest  stages  of  cultivation  and  progress  some  portion 
of  the  turnip  land  has  to  be  sown  with  oats  for  the  use  of  the 
yard :  this  should  be  done  (at  as  early  a  period  as  possible)  in 


♦  A  sack  which  will  hold  4  bushels  of  wheat  usually  contains  2  cwt  of  lime, 
such  as  we  use  in  this  neighbourhood.  2^  tons  will  therefore  be  the  same  as  25 
sacks.  The  price  of  the  lime  at  the  kiln's  mouth  at  Combe  Martin  is  about  U, 
per  sack.  I  estimate  the  cost  of  carriage  at  about  the  same  amount  as  the  price  of 
the  lime. 
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the  month  of  March,  and  upon  the  land  that  was  first  cleared  of 
its  roots,  the  later  eatage  of  roots  being  upon  those  lands  that 
are  intended  to  be  sown  down  with  artificial  grasses,  without  a 
com  crop. 

When  the  farm  is  sufficiently  advanced,  I  much  prefer  the  fol- 
lowing course  of  cropping  (for  elevated  lands)  : — 

First  year.  To  pare  and  bum  the  natural  herbage,  for  a  root 
crop,  and  apply  2^  tons  of  lime  per  acre,  mixed  in  with  a 
moderately  thin  furrow  of  soil,  say  2i  inches ;  this  will  produce 
20  tons  of  turnips  per  acre,  at  a  cost  (as  previously  stated)  of 
4/.  10^. — say  5/. — per  acre,  or  at  the  rate  of  5*.  per  ton. 

Second  year.  Formerly  I  adopted  the  plan  of  sowing  two 
turnip  crops  in  succession,  for  the  reason  th^t  the  second  one 
was  an  inexpensive  and  convenient  one,  and  enabled  me  to  clean 
the  land  more  effectually  before  sowing  it  down  with  grass-seeds. 

My  present  plan  is  to  seed  out  all  lands  after  a  turnip  crop 
with  proper  artificial  grasses,  omitting  the  corn  crop  at  this  stage 
of  culture,  and  until  the  new  fibrous  soil  shall  have  had  its  frolic 
and  become  more  fixed  and  consolidated  for  the  growth  of  com. 

When  these  grass-seeds  are  sown,  it  is  both  desirable  and  pro- 
fitable to  add  half  a  dressing  more  lime  (1^  ton),  for  their  enjoy- 
ment and  that  of  the  farm  stock  when  depasturing  them  ;  still  it 
is  an  extra  outlay  of  capital  that  must  be  considered  with  refer- 
ence to  other  expenses  when  so  many  other  works  are  waiting  to 
be  performed,  and  these  alike  with  tenant's  capital. 

Thus,  after  the  turnips  are  consumed  (chiefly  upon  the  land), 
the  land  is  carefully  ploughed,  cleaned,  and  sown  with  artificial 
grasses  and  rape-seed,  commencing  the  first  week  in  April. 

These  young  grasses  will  be  ready  to  stock  by  the  end  of  June^ 
and,  if  allowed  to  get  well  established,  they  will  usually  fatten 
full  ten  sheep  per  acre,  and  if  »care  be  taken  to  clear  them  occa- 
sionally, so  that  they  sweeten  and  recover  themselves,  they  will 
prove  of  infinite  value  up  to  Christmas.  If  they  remain  clear 
from  the  end  of  September  for  the  ewes  and  lambs,  which  is  a 
still  better  plan,  they  give  a  help  over  the  inclemency  of  the 
months  of  March  and  April,  after  which  they  become  first-rate 
pastures  for  the  fattening  of  any  class  of  stock,  and  maintain 
their  comparative  goodness  for  several  years. 

This  plan  of  farming  in  an  elevated  country  goes  very  far  to 
conquer  the  climate  and  to  enable  the  fanner  to  maintain  a  large 
and  liealthy  flock  of  sheep :  in  fact,  it  may  be  said  to  form  the 
heystone  to  the  whole  structure — without  it,  the  building  is  in 
danger. 

If  any  practical  man  will  take  into  account  the  newness  of  the 
soil,  coupled  with  the  preceding  management,  according  to  which 
no  com  crop  will  have  been  taken  out  of  the  land,  I  leave  it  to 
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him  to  judge  what  comparative  return  maj  be  fairly  e 

from  stock  in  after  years  in  a  hill  country  remote  froi 

markets,  but  where  all  animals  can  readily  be  fatted  and 

market,  with  the  produce  of  the  farm  upon  their  carcase. 

The  grcuses  to  be  sown  should  be  those  which  have  th 

fications  for  quick  and  abundant  growth.     During  the  1 

years  I  have  sown  the  following  quantities  and  qualitie 

average  cost  of — 

Peri 
». 

3  pecks  of  Pacey  rye-grass,  at  6s.  per  bushel 4 

1  peck  of  Italian  rye-grass,  at  68.  ^d.  per  bushel    ..      ..  1 
41faB.  of  Timothy  s^rass,  at  6s.  per  stone         1 

2  lbs.  of  oow-grass,  at  98.  6(2.  per  stone 1 

4  lbs.  of  white  clover,  at  10s.  per  stone *  2  \ 

3  lbs.  of  rib-grass,  at  6».  per  stone 0 

Small  quantity  of  parsley-seed        0 

13 

While  I  believe  it  is  admitted  that  com  is  liable  to  be 
and  spoiled  upon  new  land  when  sown  after  the  first  roc 
it  is  equally  worthy  of  note  that  no  land  can  well  be  too 
the  growth  of  succulent  grasses.  However  luxuriant  th€ 
be,  they  can  at  all  times  be  overtaken  by  good  managemi 
kept  in  good  and  respectable  order ;  and,  as  time  goes  o 
pasture  lands  may  be  safely  and  profitably  cropped  wi 
especially  oats,  and  afterwards  renewed  again  by  ro< 
These  pastures  remain  good  about  four  years,  and  then 
to  be  broken  up  for  oats,  thus  completing  a  seven-years 
of  cropping.     Then  follows  the  usual  routine  again,  viz.- 

Acres. 

1st  year,  roots — say       30 

2nd  year,  rape  and  grass  seeds      30 

3rd,  4th,  5th,  and  6th  years,  jwisture  ..      ..   120 
7th  year,  com         30 

210 

In  the  making  of  subsequent  improvements  npon  th< 
lands,  there  is  no  outlay  more  simple  and  efficient  than 
of  decomposed  vegetable  mould,  mixed,  alK)ut  six  mont 
vious  to  use,  with  lime  or  salt,  and  then  carted  on  the 
or  '^  dry  meadow  "  lands,  at  a  short  distance  from  the  m 
compost  heaps. 

We  have  carted  out  many  hundred  loads  of  these  deco 
vegetable  soils  without  the  aid  of  any  artificial  mixture, 
effect  upon  brown  dry  land  has  been  surprising,  and  ii 
cases  fully  equal  to  that  of  farmyard  dung.     So  that  oa 
bogs  at  different  parts  of  the  farm  prove  to  be  valuable  i 
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rather  than  objectionable  swamps.     But  this  is  onlj  possibly 
after  drainage,  and  that  of  some  years'  standing. 

As  previously  remarked,  grass-land  is  to  be  classed  under 
three  heads, — 1st,  the  water  meadow ;  2nd,  the  enclosures  under 
grass  in  course  of  cultivation  ;  3rd,  the  open  or  hill  pastures. 

The  hill  land  is  used  for  summering  ground,  and  some  few 
native  sheep  and  ponies  are  turned  out  to  '^  pick  a  living" 
during  the  winter  as  best  they  can.  The  rough  grassy  hills  will 
keep  at  the  rate  of  one  full-sized  beast  upon  three  acres  from  the 
1st  of  May  to  the  1st  of  October.  Upon  the  forest  of  Exmoor, 
Somerset,  large  blocks  of  land  containing  some  thousands  of  acres 
are  depastured  in  this  way,  cattle  being  kept  during  the  above 
period  at  the  following  prices : — 

£.   8.  d. 

Cattle. — Three  years  old  and  upwards       100 

Two  5'ears  old,  and  under  three  years         0  15    0 

Yearlings,  and  under  two  years 012    0 

Sheep. — Any  age,  including  young  lambs  and  shepherding    . .     0    2     3 

Horses. — Horses  of  any  age         16    0 

Ponies  for  the  summer         0  15    0 

Ponies  for  twelve  months 15    0 

No  difficulty  is  experienced  in  getting  a  sufficiency  of  stock, 
and  some  parties  have  continued  their  custom  for  a  period  almost 
unknown. 

The  return  affi^rded  by  the  above  plan  is  at  the  rate  of  from 
3^.  6cf.  to  4«.  per  acre,  in  addition  to  which  a  goodly  number 
of  breeding  ponies  are  kept  by  the  proprietor,  making  an  addi- 
tional rent  of  say  1^.  per  acre,  and  this  without  the  aid  of  extra 
fences,  roads,  or  buildings. 

The  taking  in  of  cattle  to  summer  upon  these  hills  and  the 
adjacent  farms  is  now  an  established  custom,  and  any  number 
may  be  had  from  the  neighbouring  corn  lands  and  dairy  districts. 
The  latter  farmers  usually  place  out  their  yearling  heifer  stock, 
and  the  former  parties  send  their  steers  and  in-calf  heifers. 
There  is  also  a  rather  extensive  practice  carried  on  by  other 
parties,  who  consign  their  better  animals  to  the  north  Devon 
farmers  for  summering  upon  what  is  provincially  termed  "  best 
keep,"  and  for  which  they  pay  a  higher  rate, — in  most  instances 
about  double  the  price  charged  upon  the  forest  hills :  this  is  a 
practice  equally  agreeable  to  both  parties,  and  has  existed  for 
generations  past. 

Tlie  meadotv-landsj  owing  to  their  more  fortunate  position  for 
shelter  (at  the  foot  of  the  incline)  and  for  the  reception  of  all 
washings  of  soil  and  manures  from  the  upper  lands  and  from  the 
farm,  have  every  advantage  for  improvement,  and  the  production 
of  abundant  hay  crops  without  the  aid  of  farmyard  manure. 
This  manure  is  usually  carted  upon  the  pasture  lands  above  the 
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yard,  as,  when  used  upon  the  arable  fields  for  roots,  it  is  found 
to  encourage  the  growth  of  *^ chicken  weed"  to  such  an  extent 
as  to  puzzle  the  cleaner  of  a  root  crop,  however  well  studied  his 
plans  of  sowing  and  cleaning  may  have  been. 

Catch  Meadows, — The  subject  of  hillside  catch-meadows  in  a 
rough  and  rugged  country  abounding  with  valuable  springs  and 
a  rainy  climate  cannot  well  be  too  forcibly  dwelt  upon,  and  the 
more  so  as  I  have  mown  full  two  tons  of  hay  per  acre  from 
this  class  of  meadows  when  properly  improved,  which  some  seven 
years  past  were  worthless  hill-sides,  and  this  to  the  full  extent 
of  some  50  acres — made  upon  the  natural  dry  hill-slopes,  at  the 
nominal  cost  of  12«.  per  acre. 

As  so  much  has  been  written  upon  the  formation,  value,'  and 
cost  of  '*  catch-meadows"  in  the  Society's  Journal,  voLxii.  p.  1,* 
I  cannot  do  better  than  refer  the  reader  to  that  essay,  affording 
as  it  does  the  best  practical  information  I  can  give  upon  the 
subject  of  water-meadows. 

Stock. — ^The  stock  found  best  adapted  to  elevated  moorland 
districts,  whether  reclaimed  or  not,  is  a  class  of  thick-set,  short^ 
legged  animals.  These  are  much  more  hardy  than  the  more  refined 
breeds,  and,  from  the  nature  of  the  climate  and  general  produce^ 
they  are  found  to  pay  more  money  per  acre.  If  animals  of  higher 
quality  be  placed  upon  elevated  lands,  they  will  quickly  dege- 
nerate into  a  moderate  ill-shaped  animal,  and  thus  become  ill 
adapted  to  the  elements  and  requirements  of  their  new  home. 

Summer  occupation  of  high  land, — Where  unreclaimed  lands 
are  situated  within  reach  of  cultivated  farms,  and  the  buildings 
already  erected,  it  is  IMPORTANT  to  encourage  the  present  tenants 
to  extend  their  operations  to  the  ^'  open  waste,  whereby  the 
return  would  at  once  be  two-fold,  and  the  climate  and  appearance 
of  the  neighbourhood  steadily  improved. 

There  is  another  and  an  important  plan  that  may  be  adopted 
in  the  reclaiming  of  moorlands  :  it  applies  especially  to  remote 
situations,  such  as  do  not  warrant  the  erection  of  a  good  and 
substantial  farm-house  and  buildings,  or  a  desirable  residence  for 
a  respectable  family.  In  such  cases  a  class  of  summering  farms 
should  be  so  set  out  as  to  afford  facilities  for  an  entire  *'  stock 
farm,"  little  or  no  com  being  grown.  The  breeding  and  feeding 
of  sheep  would  constitute  the  principal  occupation  and  return  of 
the  farm  ;  the  summering  of  cattle  and  colts  would  form  merely 
a  useful  adjunct  for  the  time,  and  might  pay  something  towards 
rent  and  labour.  Such  an  occupation  would  require  but  little 
outlay  in  buildings ;  a  modem  double  cottage  would  be  ample  as 
a  residence  for  the  bailiff,  and  afford  two  spare  rooms  for  the 

♦  By  the  writer  of  this  paper. 
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occasional  use  of  the  tenant  The  Tannery  would  only  require 
sheds  for  some  two  or  three  cows,  pigs,  &c.,  for  the  bailiff,  and 
stable-room  for  the  horses  in  summer.  The  working  oxen  (of 
which  a  goodly  number  should  be  used)  would  require  no  extra 
attention  in  sheds  during  the  summer  season,  and  this  would  be 
the  onlj/  period  when  cultivation,  upon  such  a  farm,  would  be 
going  on. 

I  subjoin  a  sketch  of  the  course  to  be  adopted,  so  as  to  make 
the  most  of  the  summer,  and  to  lighten  the  difficulties  incident  to 
a  long  and  profitless  winter  :— 

The  boundary  fences  being  in  good  order,  the  plan  of  the  in- 
tended fields  laid  down,  and  the  first  enclosure  made,  we  com- 
mence by  paring  and  burning  the  native  turf.  Meanwhile  a 
suitable  number  of  oxen  and  general  outfit  are  being  collected,  and 
the  first  crop  of  roots  is  well  in  by  the  end  of  June.  Upon  this 
land  2^  tons  of  lime  per  acre  should  be  spread ;  this  may  be 
carted  by  hire,  at  per  ton  or  otherwise,  so  as  to  simplify  the 
occupation. 

In  July  some  rougher  lands,  such  as  cannot  be  pared,  may  be 
ploughed  and  dragged  for  burning,  then  ploughed  up  for  the 
winter,  to  lay  for  subsequent  tillage  in  the  spring  for  Swedish 
turnips.  The  oxen  are  then  rested  during  the  winter  months  and 
kept  cheaply,  or  they  may  be  partly  sold  and  replaced  the  fol- 
lowing spring. 

In  March  the  turnip  lands  will  be  ready  to« commence  upon 
with  the  ploughs  (while  the  paring  of  other  new  lands  is  proceed- 
ing as  before),  and  subsequently  prepared  by  the  first  of  April  for 
sowing  with  grass-seeds  and  rape,  without  com,  to  be  fed  by 
fattening  sheep  in  July.  Then  follows  the  programme  as  in  the 
first  summer,  for  roots,  &c.  One  or  two  pairs  of  horses  may  be 
kept  for  convenience,  according  to  the  necessities  of  the  farm, 
large  or  small.  Thus,  as  the  farming  proceeds,  and  with  it  an 
extension  of  grazing  lands,  it  may  be  well  after  a  time  to  place 
in  a  few  young  cattle  upon  these  lands  for  the  summer  months. 
Upon  the  yet  unreclaimed  lands  summering  cattle,  ponies,  or 
store  sheep  may  be  kept. 

By  this  plan  of  farming  a  provision  of  roots  is  made  for  the 
winter  and  spring  use  ;  young  grass,  one  or  more  years  old,  will 
follow  for  the  early  grazing ;  and  the  rape  and  young  seeds  for 
the  fattening  of  all  sheep  required  to  be  sold,  or  the  growing  of 
such  sheep  as  are  to  be  removed  to  an  inland  farm  for  wintering. 

Subsoiling. — I  have  already  spoken  of  the  necessity  of  drainage, 
but  I  must  draw  especial  attention  to  a  nice  point  on  some 
moorlands,  even  with  porous  subsoils,  which,  from  their  having  a 
fixed  bed  of  thin  clay  or  iron  sediment  formed  between  the  sur- 
face and  subsoil,  have  lain  waste,  owing  to  the  fact  that  no 
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drainage  will  relieve  them  without  a  propier  breaking  up  ef 
these  fixed  strata,  which  can  alone  be  done  by  deep  snbsoiling 
or  trenching,  to  be  regulated  by  the  depths  of  the  surface 
soil  resting  upon  these  ^^  crusts  or  pans  "  beneath.  When  within 
moderate  and  reachable  depth,  say  15  inches,  my  practice  bai 
been  to  '^  pare  and  bum "  the  upper  grasses,  the  paring  being 
done  with  Glover's  plough  to  a  good  depth,  and  burnt  duriiq^ 
the  summer  as  it  lies  upon  the  land :  by  this  process  the  soil 
beneath  is  slightly  charred,  and  no  further  cost  is  incurred  bf 
spreading  the  ashes.  The  land  is  then  half  ploughed  4i  to  $ 
inches  deep,  and  laid  upon  the  adjoining  uncut  land,  thus  form- 
ing a  number  of  ridges  throughout  the  field,  and  effectualiy 
covers  up  all  the  ashes  for  another  day.  As  this  work  proceeds, 
^^Comins'  subsoil  plough"  follows  up  every  present  furrow 
(which  is  ample,  as  the  neighbouring  one  is  also  disturbed); 
and  the  plough  is  so  regulated  as  to  reach  the  bottom  of  the 
fixed  and  impervious  stratum,  and  so  to  disturb  it  without 
bringing  to  the  upper  soil  an  admixture  of  the  inert  subsoil. 
The  cost  stands  thus,  per  acre  : — 

Paring  by  horse  labour,  viz. : —  £.  «.  d. 

4  horses,  man,  and  boy,  to  2^  acres,  IBs.         ..      ..068 
Burning  and  levelling  inequalities  of  land        . .      ..026 

Half- ploughing  into  ridges  (2  horses)        0    4    0 

Subsoiling  every  other  furrow    ,.  \  n    ft    o 

4  horses,  man,  and  boy,  to  2  acres/ v    o    v 

£112 

The  ploughing  and  subsoiling  of  these  lands  is  done  after  the 
season  for  turnip  sowing  has  passed  away,  and  the  horses  are  set 
at  liberty  for  this  "  heavy  work."  After  the  work  is  so  per- 
formed, these  narrow  ridges  remain  until  the  spring,  and  thus 
not  only  protect  the  ashes  and  keep  them  in  store,  but  at  onoe 
shed  off  all  waters  that  may  fall  upon  them,  and  it  is  as  quickly 
received  and  conveyed  (somewhere)  by  the  subsoiled  furrow 
below.  The  winter  over,  this  land  is  in  a  state  to  convert  to  any 
purpose — roots,  com,  grass,  &c. — roots  of  course  being  the  proper 
and  better  crop,  for  which  suitable  dressings  of  lime  are  pro- 
cured. The  subsoiling  of  these  lands  naturally  produces  a  quick 
change  in  the  under-current  of  passing  waters,  and  they  as 
quickly  show  themselves  upon  the  surface  at  some  new  point  of 
obstruction,  and  must  then  be  carried  off  by  an  occasional  drain 
or  two.  The  result  of  this  subsoiling  is  immense,  causing  as  it 
does  a  complete  revolution  in  the  state  of  the  soil  so  drained. 
It  is  proper  to  mention  that  the  work  of  half-ploughing  the  land 
into  narrow  ridges,  and  that  of  subsoiling  these  fibrous  and 
liviJiff  beds  of  earth,  require  great  strength  and  careful  adjust- 
ment of  the  plough.     I  have  given  my  figures  of  the  cost  for  the 
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work  performed  by  horses,  but  my  usual  plan  has  been  to  per* 
form  this  operation  with  the  '^  working  beasts,"  six  in  a  team. 
The  working  of  oxen,  while  reclaiming  extensive  tracts  of  land, 
is  a  good  and  convenient  one,  as  these  improvements  always  pro- 
ceed in  early  spring  and  summer,  and,  when  done,  the  cattle  may 
be  "  tied  up  "  and  fatted,  while  the  horse  would  most  probably 
have  to  remain  upon  the  farm  during  the  winter  months,  at  a 
heavy  cost  and  inconvenient  attendance,  especially  at  the  early 
stages  of  improvement,  when  a  stack  of  hay  or  com  is  a  rare  pro- 
duction. 

The  subsoiling  of  these  deep  peaty  soils  is  scarcely  a  tenant's 
work,  as  shown  by  the  memorandum  of  tenant-right.  It  would 
be  well  for  the  owner  of  the  estate  to  aid  this  difficult  and  heavy 
branch  of  outlay  by  a  permanent  staff  for  the  purpose,  which 
might  go  from  farm  to  farm  as  practical  observation  suggests  his 
aid. 

Trenching. — On  such  moors  as  are  too  deep  for  subsoiling,  and 
are  yet  so  situated  as  to  command  attention  and  redemption, 
trenching  is  a  better  plan.  In  this  case  I  have  usually  skimmed 
the  surface  by  a  paring  plough.  This  is  removed  by  manual 
labour  to  admit  of  the  common  plough,  which  goes  as  deep  as 
circumstances  will  admit,  observing  to  turn  a  deep  and  narrow 
furrow ;  the  trenching  then  follows.  This  is  commenced  at  the 
lowest  range  of  the  land,  and,  when  well  opened  and  started,  liie 
furrows  are  ^'  chopped  **  across,  turned  downwards,  and  the 
trench  deepened  to  its  required  depth,  so  as  to  **  break  the  pah," 
as  before  alluded  to.  The  paring  furrow,  composed  of  rough 
grasses,  heather,  &c.,  is  carefully  thrown  vnder^  each  man  having 
his  stipulated  share  of  the  work  allotted  to  him,  so  that  the 
company  of  men  may  follow  each  other  and  complete  the  work 
as  they  proceed.  The  depth  of  the  trenching  naturally  depend^ 
upon  the  depth  of  the  land  under  hand,  and  if  there  are  any  in- 
equalities to  be  levelled.  The  removal  of  the  soil  beyond  20 
inches  is  a  heavy  affair,  this  being  so  far  effected  by  the  plougli 
at  6  inches,  and  two  spits  of  7  inches  each.  After  this  operation 
has  been  carefully  gone  through  (previous  to  Christmas)  the  land 
awaits  the  winter  elements,  and  in  the  spring  may  be  safely  used 
for  any  kind  of  roots  that  may  be  wished,  not  forgetting  the 
potato-plant  upon  newly  broken- up  peat  soils.  This  will  assist 
in  the  mixing  of  the  strata  or  soils,  and  will  prepare  them  for 
succeeding  crops. 

I  may  now  give  in  a  tabular  form,  as  a  summary  of  the  whole 
subject,  a  statement  of  results  founded  on  my  own  experience;, 
from  which  practical  men  may  judge  how  far  moorland  improve- 
ment may  be  made  remunerative  to  the  owner  of  the  soil  in  the 
long  run  : — 
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Cost  of  reclaiming  certain  portions  of  Bog-land  that  are  too  deep  in  Flow-mon 
or  otber  Deposits  for  Subsoiling,  or  even  ^to  reach  the  bottom)  by  Trenching, 
showing  a  statement  of  Account,  extending  over  Four  Tears. 


First  year's  expenditnre,  at  per  acre : — 
By  share  of  cost  in  the  enclosure  of  5-acre  fields  . .     . . 

By  occasional  drains,  apon  an  average  t 

Paring  first  farrow  (sur&ce-weeds)  with  paring-plough 

Ploughing  second  fturow,  6  inches  deep         

Trenching  {and  levtlling),  14  inches  deep,  at  9d,  per  perch 

4  tons  of  lime,  carriage,  and  other  expenses 

Harrowing,  &c.,  of  limd  and  drilling  turnips 

Gleaning  and  setting  out  turnips      

Second  year : — 

Ploughing  6  inches  deep 

Carting  80  loads  of  heavy  soil,  at  9d,  per  load 

3  cwt  of  guano  for  second  turnip  crop 

Harrowing,  &c.,  collecting  ashes  for  mixing  with  guano,) 
drilling,  &c / 

Third  year:— 

Ploughing  8  inches  deep 

3  tons  of  Time,  carriage,  &c 

Harrowing,  &c.,  and  sowing  of  grass-seeds 

Grass-seeds  for  permanent  pasture  or  renewing     . .     . . 

Fourth  year : — 
No  charge  beyond  fixed  payments 

Other  payments :  4  years'  rent  (rates  nominal)  . .  • . 
Interest  of  capital  upon  balance  of  accounts  at  5  per  cent. 
Wear  and  tear  of  implements,  &c.,  for  4  years      . .     . . 


SmtKABT. 

First  year's  return : — 
By  value  of  hybrid  turnip  crop,  20  tons,  at  Bs,  per  ton 

Second  year : — 
By  value  of  Swedish  turnip  crop,  24  tons,  at  7^.  6(/.     . . 

Third  year:— 
By  value  of  artificial  grasses  and  rape  for  fiittening  sheep 

Fourth  year : — 
By  young  seeds  mown  twice  and  after  eatage        • .     . . 
Excess  of  outlay  above  the  receipts  of  the  4  years 


£.8.  d. 
2  16  0* 
0  10 
0  7 
0  12 
6  0 
4  3 
0  5 
0  10 


0  10  0 
3    0  0 

1  16  0 

0  12  0 


0  12  0 

3     2  6 

0    4  0 

0  13  6 


1  0  0 
15  0 
1     0    0 


6  0  0 
9  0  0 
3  10    0 


5  10    0 

4  18  10 


£.  s.    d. 


15    3  10 


5  18    0 


4  12    0 


3    5    0 


28  18  10 


28  18  10 


*  This  amount,  2/.  I65.,  is  intended  to  cover  the  whole  expenditure  for  fences, 
ditches,  roads,  and  gates. 

f  In  some  instances  these  lands  require  good  and  substantial  drainagcL  at 
a  cost  of  4/.  per  acre.  In  such  case  the  clays  o.r  heavy  soils  that  are  fimnd  at 
the  base  of  the  peats  ftdly  compensate  the  outlay  when  brought  to  the  sorfiioe 
bj  trenching. 
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£.  5.    d. 

When  taken  in  hand,  of  no- 
minal value,  and  a  pest  to 
the  neighbourhood.* 

By  balance  due  from  the  out- 
lay account       £4  18  10 


£.    B.  d. 


At  the  expiration  of  4  years 
will  readily  let  for  a  term 
of  jears  at  15s.  per  acre, 
which,  at  30  years'  pur- 
chase, stands  thus   ..     ..  £22  10 


The  above  figures  convey  a  tolerably  good  notion  of  the 
expenses  and  probable  returns  of  this  class  of  improvements, 
but  they  are  founded  on  an  extreme  case;  for  if  they  had 
been  performed  in  a  good  neighbourhood,  the  rental,  when  so 
improved,  would  stand  at  30^.  But  in  either  case  ample 
encouragement  is  shown  for  the  outlay  of  capital,  and  a  good 
margin  left  as  profit  for  the  undertaking.  In  the  preceding 
statement  it  is  shown  that  no  corn-crop  has  been  taken,  first 
from  the  circumstance  of  the  redeemed  land  being  too  open  and 
fibrous  for  "  corn  growing ;"  and  secondly,  that  it  should  be 
placed  in  a  good  and  efficient  condition,  for  reaching  a  fair 
marketable  value,  for  an  after  term  of  years. 

The  figures  above  alluded  to  clearly  show  that  the  bringing  of 
a  morass  or  bog  into  good  cultivation  carries  with  it  more  the 
character  of  a  landlord's  than  a  tenant^s  investment. 

So  sanguine  am  I  in  favour  of  seeding  down  (out)  these 
newly-redeemed  lands  without  a  corn-crop,  that  I  even  adopt  it  in 
the  usual  routine  of  crops  after  the  turnip-crop  upon  old  land, 
and  reserve  the  sowing  of  com  until  the  end  of  the  course  5  and 
then,  if  it  be  absolutely  required,  I  should  even  prefer'  taking 
two  white  straw  crops  after  breaking  up  the  grass,  and  just  pre- 
viously to  the  subsequent  fallow,  to  sowing  the  rich  turnip-land 
with  com  in  a  moist  climate.  The  two  after-crops  (if  they  must  be 
taken)  would  in  amount  of  acres  be  the  same. 

Thus  the  number  of  corn-crops  in  a  course  would  be  the  same 
in  this  arrangement  as  in  the  other  mode  of  cropping,  only  with 
a  longer  interval,  during  which  the  field  would  be  in  grass ;  the 
great  characteristic  of  my  plan  would  be  that  the  grass  would  be 
laid  down  when  the  land  was  perfectly  clean  and  in  the  highest 
condition  for  after-pasturage. 

There  is  yet  to  be  mentioned  a  class  of  moorlands,  which, 
from  their  tolerable  dryness  and  production  of  strong  heather, 
furze,  and  other  coarse,  hard-rooted  plants,  are  found  too  powerful 
for  the  paring-plough  or  manual  paring-spade  ;  but  in  themselves, 
when  broken  up,  are  of  a  first-class  order  for  after  culture  under 

*  Such  was  the  extent  and  character  of  a  bog  near  to  my  house  that,  on  making 
trial-pits  for  its  drainage,  a  snipe's  nest  was  foond,  and  happily  in  the  presence  of 

the  landlord. 
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a  liberal  lease.  These  are  better  taken  in  hand  one  year  previous 
to  the  sowing  of  a  root-crop,  as  they  require  time,  and  will  never 
pay  to  be  forced  into  cultivation. 

In  place  of  paring  the  sod,  men  are  engaged  to  ^  grub  np '' 
all  the  land,  and  to  set  free  every  existing  bush  or  root ;  tbfise 
Temain  for  a  time  until  the  weather  permits  them  to  be  btimt  in 
heaps.  This  over  (the  land  not  being  intended  for  turnips  the 
first  year),  the  soil  is  ploughed  up  to  the  depth  of  six  inches,  and 
as  the  work  proceeds  the  neighbouring  ashes  are  thrown  over  it, 
and  so  remain  for  months,  until  the  weather  has  so  far  acted  upon 
the  soil  as  to  suggest  further  operations,  which  generally  follow 
about  the  succeeding  March  by  scuffling,  dragging,  cross-plough- 
ing, or  other  process  for  its  refinement. 

Turnips  ought  to  be  sown  in  the  next  summer  under  the  cus- 
tomary course  of  management,  while  some  few  occupiers,  greedy 
of  a  corn-crop,  will  at  once  place  their  land  under  oats,  and  thus 
ultimately  ruin  the  "goose"  that  would  otherwise  have  pro- 
duced them  golden  eggs. 

The  cost  is  extended  over  rather  too  long  a  period,  but  if  the 
early  stage  of  the  work  is  done  chiefly  after  the  tumip-sowing 
upon  other  lands,  the  process  may  be  termed  a  good  and  con- 
venient one : — 

Cost  of  Beclaiming  for  Boots. 

£.     8.    d. 

Cost  of  grubbing ..      ..300 

Burning  and  spreading  the  ashes       0    4  6 

Ploughing  6  inches  deep     0  10  0 

Gross-ploughing  in  the  spring 0  10  0 

Subsequent  draggings,  harrowing,  rollings,  &c.       ..  0  10  0 

•    3tonsoflime       3    2  6 

Drilling  turnips,  &c 0    2  6 

Two  years' rent  and  rates 10  0 

£8  19    6 

This  class  of  moorland  is  costly  to  improve  in  the  outset,  but 
practice  has  clearly  shown  that  there  is  not  a  more  paying  pur- 
suit in  agriculture  than  that  of  their  permanent  improvement 
under  long  and  equitable  leases,  and  is  truly  a  tenant's  business, 
as  but  a  small  proportion  of  this  class  of  rugged  land  occurs  upon 
each  farm. 

Upon  all  moors  (more  or  less)  there  is  a  certain  amount  of 
good-looking,  clean,  dry,  and  inviting  land,  and  this  is  frequently 
ploughed  down  at  once,  just  previous  to  winter,  or  otherwise  in 
the  spring,  and  from  its  clean  and  healthy  appearance  is  not 
unfrequently  sown  with  oats  without  further  trouble,  preface, 
manure,  or  lime.     I  confess  that  I  have  been  amongst  this  class 
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of  adventuren,  but  sadl j  to  my  toxrow,  as  I  hare  never  had  or 
seen  a  good  or  even  tolemble  crop  of  oats  growing  upon  a  "  native 
furrow  "  tcitliaut  lime.  This  disappointment  led  me  to  an  analysis 
of  the  soil  in  question,  and  accordingly  specimens  were  collected 
and  sent  to  Mr.  J.  C.  Nesbit  for  his  opinion  upon  them,  and 
were  as  quickly  pronounced  by  him  ^' as*  valueless  without  the 
aid  of  lime ;"  and  he  further  assured  me  that  these  specimens  of 
our  natural  soil  (taken  from  below  the  herbage)  contained  but  a 
mere  trace  of  lime.  Mr.  Nesbit  has  kindly  given  me  a  second 
analysis  of  our  "  brown  (dry)  soil,"  which  I  now  supply  in  his 
own  words : — 

"  Analysis  of  Sample  of  Soil,  from  Mr,  Bdbert  Smithy  JEmmetfs  Grange, 

Per  Gent 

Moisture ..      ..  28-16 

Organic  matter,  &c.          H'90 

Siliceous  matter  (insoluble) 55*74 

Oxide  of  iron  and  alumina,  with  trace  of  phosphoric  acid  3*89 

Lime 0*12 

Magnesia 0*12 

Soluble  alkaline  salts        0*07 

100-00 
Nitrogen  (equal  to)    0*56  per  cent. 
Ammonia     ..      ..     0*68       „ 

J.  C.  Nesbit." 

If  an  instance  of  the  great  value  of  agricultural  chemistry  was 
wanting,  surely  we  have  here  an  important  case,  and  one  which 
fully  illustrates  its  general  uses,  but  more  especially  in  the  **  testing 
of  new  soils  "  before  any  experimental  outlay  of  capital  has  been 
hazarded  upon  them  in  the  dark.  Mr.  Nesbit's  analysis  of  some 
soils  that  had  been  improved,  and  which  accompanied  the  former 
(by  number)  without  name,  were  exceedingly  interesting  and 
instructive  as  regards  their  newly-formed  composition. 

There  are  also  extensive  ranges  of  thin  moorland,  such  as  grow 
the  stunted  heather,  English  furze,  and  other  dry-land  weeds; 
these  are  lying  waste  from  other  causes — namely,  want  of  depth 
and  of  freedom  from  large  stones.  If  these  wastes  are  situated 
in  good  climates,  they  matf  possibly  be  improved  by  culture  and 
the  clearing  of  boulder  and  other  stones. 

This  class  of  soils  has  often  (but  not  always)  the  merit  of  requir- 
ing but  little  draining,  which,  if  it  be  the  case,  at  once  sets  free 
a  good  amount  of  capital  to  be  invested  in  their  behalf  in  another 
direction.  The  difficulty  is  how  to  deepen  these  soils  with  best 
effect ;  but  tiiis  is  not  always  a  necessary  and  least  expensive 
process,  as  some  lands  are  found  to  crop  best  after  comparatively, 
and  even  after  what  some  would  think  ridiculously,  thin  plough- 
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ings.  As  an  instance  the  Wolds  in  Gloucestershire  may  be  re- 
ferred to. 

Loose  stones  may  often  be  converted  into  uses,  such  as  the 
building  of  walls,  filling  in  of  drains,  repairing  of  roads,  &c^ 
and  are  thus  cleared  from  the  land  at  a  cheap  rate ;  but  in  really 
stony  districts  they  are  so  numerous,  and  their  requirements  for 
the  above  uses  so  reduced,  that  it  becomes  so  formidable  an  affidr 
that  they  are  left  to  nature's  course. 

Loose  stones  of  moderate  size  are  sometimes  found  advan- 
tageous rather  than  otherwise,  but  this  occurs  only  where  warmth 
is  required  (such  as  many  of  the  cold  soils  in  Bedfordshire),  as 
they  thus  act  as  attractors  and  conductors  of  heat  to  cold-bottomed 
lands. 

I  may  mention  a  singular  experiment  that  has  been  tried  in 
the  neighbourhood  of  Luton,  Beds,  by  removing  the  surface 
stones  from  one  land  to  another,  thus : — 


No.  1  had  the  whole  of  the  surface  stones  removed  and  catft 
on  to  the  No.  2 ;  while  the  No.  3  was  allowed  to  remain  in  its 
natural  state. 

Result. — No.  1  came  to  harvest  nearly  one  week  later  than 
No.  3  and  ten  days  later  than  No.  2. 

No.  2  being  about  four  days  earlier  than  No.  3.  In  quality  oi 
grain  No.  2  was  best,  but  not  quite  so  heavy  in  bulk. 

No.  1  being  much  inferior  to  the  others  both  in  quantity,  and 
quality,  but  more  especially  in  the  latter. 

These  experiments  being  tried  by  a  relative,  I  have  been  fur- 
nished with  their  ultimate  decision  by  practice,  which  has  been 
to  "  let  nature  alone :"  as — 

No.  1  by  removing  the  stones  became  too  cold ; 

No.  2  by  receiving  them  became  too  hot ;  and 

No.  3,  in  its  natural  way,  was  best. 

Waste  lands  that  have  a  preponderance  of  stones  upon  their 
surface  are  those  that  become  most  readily  and  too  quickly 
heated  by  the  solar  rays,  and  thus  become  objectionable  for  the 
purposes  of  tillage  lands.  By  deepening  these  soils,  exposing 
them  to  continued  atmospherical  influences,  pulverization  aft^ 
consolidation,  changing  the  kinds  of  plants  grown  upon  them^ 


CuUivaticn  of  Moorland.  393 

and  ploughing  under  of  vegetable  crops  as  manure,  these  lands 
may  be  infinitely  improved,  at  a  not  very  large  outlay,  and  chiefly 
by  the  tenant. 

The  pulverization  of  soils  increases  their  capillary  attraction, 
and  it  is  evident  this  attraction  must  be  greatest  when  the  par- 
ticles of  the  earth  are  finely  divided,  for  the  sands  and  gravels 
hardly  retain  water  at  all ;  yet  pulverization  is  of  great  advan- 
tage in  admitting  the  nightly  dews  to  the  roots  of  plants :  it  is 
further  necessary  to  have  the  land  open,  and  to  a  good  depth, 
that  there  may  be  free  ingress  for  the  air  and  tepid  rains  of 
spring. 

When  the  roots  of  plants  are  deep  they  are  less  liable  to  be 
injured  by  excessive  drought,  and  the  space  from  which  their 
nourishment  is  derived  is  more  considerable  than  when  they  are 
superficially  inserted  in  the  soil.  The  soil  thus  deepened  and 
pulverized  may  be  compressed  by  heavy  rolling,  but  more  pro- 
perly by  the  application  of  earthy  matters  or  the  treading  of 
sheep. 

As  an  instance  that  dry  sandy  soils  can  be  profitably  con- 
verted from  the  waste  to  culture,  I  have  only  to  mention  the 
success  of  the  Norfolk  farmers  upon  the  Holkham  and  other 
estates  of  that  county,  as  also  many  districts  in  Nottingham- 
shire. 

A  parallel  case  may  be  quoted  in  reference  to  the  reclaiming 
of  the  wastes  and  rabbit-warrens  of  Lincoln  Heath,  a  soil  origin- 
ally covered  with  heather  and  weeds,  and  in  depth  scarcely 
worthy  the  notice  of  a  passer  by.  These  were  brought  into 
cultivation  by  spirited  occupiers  and  their  well-directed  capital, 
under  liberal  and  judicious  covenants  for  their  unexhausted 
improvements,  given  by  their  landlords,  the  late  Lord  Yar- 
borougb,  Mr.  Chaplin,  and  others,  and  but  for  which  the  warren 
might  have  been  a  warren  still. 

The  Fens  (moorlands)  of  Lincolnshire,  apart  from  the  spirited 
outlay  in  their  drainage,  have  been  much  improved,  as  have  also 
the  fen  peaty  lands  of  Cambridge,  Huntingdon,  &c.,  by  means  of 
"  claying." 

This  claying  operation  is  carried  on  with  great  success,  and 
when  first  discovered  and  adopted  was  "  a  great  move  in  the  right 
direction."  The  operation  may  be  shortly  described  as  follows : — 
Perpendicular  pits  (in  line)  are  sunk  at  a  distance  of  say  14  to 
15  yards  apart  between  the  rows,  and  on  reaching  the  clay 
(which  varies  in  depth  from  3  to  6  or  10  feet),  the  workman 
'^  casts  out "  some  2  to  4  draws  in  length,  part  on  each  side  of 
him,  and  in  sinking  the  succeeding  pit  the  upper  black  earth  is 
thrown  into  the  last  one  to  fill  it  up,  and  so  on ;  the  object  in 
sinking  pits  for  this  purpose  is  to  prevent  the  sides  of  an  open 
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long  cut  coming  together,  as  they  were  accustomed  to  do  before 
the  plan  of  '^  pits  *'  was  adopted.  Still  there  are  many  lands 
that  are  advanced  in  cultivation  so  far  as  to  be  free  from  ^^  hear^th 
muchy^  and  these  are  found  to  stand  the  work  of  open  trenches, 
and  the  clay  (from  the  settled  state  of  the  peats)  is  found  to  be 
much  nearer  the  surface :  the  greatest  obstacle  being  that  of 
old  roots  and  trees,  which  have  to  be  removed  from  the  surface 
of  the  clay  bed. 

In  conclusion,  I  may  add,  that  although  the  rough  and  nigged 
^  Moorlands  "  are,  from  their  altitude,  beyond  the  growth  of  oom 
with  profit,  and  in  consequence  unpopular  in  the  arena  of  agri- 
cultural improvers,  I  am  induced  from  practical  experience  to 
think  and  hope  that  the  time  is  not  far  distant  when  we  shall  see 
even  a  fashion  in  this  direction,  in  full  competition  with  emigra^ 
tion,  as  a  home  paying  pursuit  for  ^'  stock  farming.'' 


XIl.—The  Agricultural  Meeting  at  Paris  of  1856. 
By  J.  Evelyn  Denison,  M.P. 

In  ^ving  an  account  of  the  Agricultural  Meeting  at  Paris  of 
1856,  it  is  impossible  not  to  speak,  in  the  first  instance,  of  the 
great  beauty  of  the  general  spectacle,  and  its  excellent  arrange- 
ments both  for  order  and  effect — a  happy  example  of  the  charac- 
teristic genius  and  taste  of  the  nation. 

It  was  certainly  no  common  fortune  to  have  such  a  building  ae 
the  Palace  of  Industry  ready  to  the  hand  for  such  an  exhibition, 
but  it  was  turned  to  account  with  singular  skill ;  nothing  was 
omitted  that  could  add  attraction  to  the  scene.  The  centre  area 
was  formed  into  a  garden  stored  with  rare  plants  and  flowers  in 
full  bloom,  decorated  with  fountains,  in  the  basins  of  which  the 
artificial  rearing  of  fish  was  exhibited,  and  enlivened  by  a  collec- 
tion of  birds  of  rich  plumage ;  while  around,  beneath  the  gal- 
leries, stalls  were  arranged  for  the  cattle,  with  the  names  of  the 
races  inscribed,  and  with  space  for  above  1000  head,  all  collected 
under  one  roof,  kept  with  the  most  scrupulous  care  and  neatness, 
and  accessible  in  the  most  convenient  manner  to  the  crowd  of 
visitors. 

The  exhibition  consisted  of  animals^  of  machinery^  and  of 
products.  A  president  of  each  class  was  appointed  by  the 
French  government,  with  a  large  staff  of  jurors.  Frenchmen  and 
foreigners. 

I  have  availed  myself  of  the  obliging  assistance  of  my  English 
colleagues,  members  of  the  different  juries,  who,  at  my  request, 
were  so  good  as  to  make  notes  of  such  objects  as  appeared  to 
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them  chiefly  worthy  of  attention.  For  the  animals,  Messrs. 
Hudson,  Mil  ward,  and  Barrett;  for  machinery,  Messrs.  Amos, 
Caldwell,  and  Huskinson ;  for  products,  Sir  A.  Macdonald. 

Cattle. 

The  collection  under  one  roof,  of  cattle  of  so  many  various 
breeds,  from  almost  all  the  countries  of  Europe,  was  the  most 
remarkable  feature  of  the  show.  The  question  will  at  once  be 
asked — of  all  these  races  are  there  any  which  surpass  the  races  of 
these  islands,  or  which  afford  a  probability  of  inducing  improYe- 
ment  by  crossing  ?  The  answer  to  that  question  will  not  increase 
the  interest  of  this  Report,  as  in  both  cases  it  must  be  in  the 
negative. 

The  two  races  which  looked  the  most  suitable  for  our  purposes 
were  the  Dutch  and  the  Flemish  (Race  Hollandaise  and  Race 
Flamande). 

Tiie  Dutch  cows,  generally  black  and  white  in  colour,  are  large 
in  frame  and  good  milkers,  but  with  an  undue  proportion  of  bone 
and  of  coarse  beef. 

The  Flemish,  red  in  colour  and  with  good  skins ;  not  so  coarse 
in  the  bone  as  the  Dutch  ;  in  frame  large  and  lengthy.  No 
doubt  both  these  varieties  would  cross  advantageously  with  Short- 
bom  bulls;  but  the  proper  course  would  seem  to  be  for  the 
owners  of  these  cows  to  seek  our  bulls,  rather  than  for  us  to  seek 
their  cows. 

The  specimens  of  English  cattle  exhibited  were  numerous  and 
very  good  ;  the  Short-horns  occupying  the  first  place,  and  attract- 
ing the  chief  attention  of  all  foreign  breeders.  Mr.  Milward 
informs  me  that  some  dissatisfaction  was  occasioned  by  the  de- 
cisions of  the  jury  in  this  class  on  two  points  : — 

1.  Bulls  were  objected  to,  as  too  old,  at  the  age  of  5j^j  though 
no  limit  as  to  age  was  prescribed  in  the  programme. 

2.  Some  cows  and  heifers  were  excluded  from  competition  on 
the  score  of  being  too  fat  and  as  not  likely  to  breed,  which,  it  was 
thought  by  the  English  jurors,  should  not  have  been  so  con- 
demned. 

The  Ayrshire  cows  were  much  liked  and  sought  after.  One 
of  the  great  attractions  of  the  show,  from  their  novelty  as  well  as 
from  their  excellence,  were  the  black  polled  Angus.  These  were 
more  uniformly  good  than  any  other  class ;  of  great  size,  quality, 
and  symmetry.  An  extra  gold  medal  was  awarded  to  Mr.  Mac- 
Combie  for  having  shown  so  many  good  animals  of  this  breed. 

Among  sheep,  the  great  demand,  as  in  the  last  year,  was  for 
the  English  Southdowns,  and  Mr.  Webb  maintained  his  foremost 
position  in  this  class. 

Some  ewes  of  large  size  were  exhibited  from  Holstein,  each 
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with  three,  and  some  with  four  Iambs.  It  might  be  worth  while 
to  ascertain  by  experiment  whether  the  remarkable  fecundity  of 
this  race  could  be  turned  by  us  to  good  account. 

We  regretted  very  much  that  horses  were  not  included  in  the 
show ;  the  more  so,  as  the  draught  horses  of  France  are  excellent, 
and  would  have  obtained  ready  purchasers  from  the  successful 
exhibitors  of  English  cattle  and  sheep.  In  this  way  commerce 
would  have  sprung  up,  and  reciprocal  interchange,  which  it  is 
most  desirable  to  promote,  would  have  been  established  between 
us.  I  trust  the  French  Minister  of  Agriculture  is  satisfied  that 
this  deficiency  ought  to  he  supplied,  and  that  prizes  will  be  given 
for  draught  horses  in  the  show  of  next  year. 

In  connection  with  draught  horses  mention  should  be  made  of 
the  carts  of  France.  We  have  something  to  learn  on  this  head. 
The  French  transport  immense  loads  on  a  pair  of  high  wheels. 
I  was  assured,  that  in  the  conveyance  of  stone  to  Paris  along  a 
paved  road,  three  horses  have  moved  as  much  as  nine  tons.  It  is 
impossible  to  observe  the  every-day  traffic  of  the  streets  and  the 
roads,  and  not  to  see  that  three  horses  on  a  pair  of  high  wheels 
are  conveying  loads  exceeding  the  load  we  convey  with  four 
horses  on  waggons  with  four  wheels.  It  is  true  these  high 
wheels  on  straight  axles  elevate  the  loads  to  an  inconvenient 
height ;  but  it  would  seem  possible  to  unite  the  advantage  of 
high  wheels  with  low  loads  by  the  use  of  crank  axles.  The 
power  of  welding  iron  by  the  steam-hammer  gives  increased 
facility  for  the  construction  of  crank  axles. 

I  beg  leave  to  invite  the  special  attention  of  the  Council  of  the 
Society  to  this  point,  as  one  in  which  they  may  lead  the  way  to 
an  important  improvement. 

I  invite  the  attention  of  our  spirited  machine-makers  and  con- 
structors to  the  same  object.  They  will,  I  doubt  not,  run  before 
the  suggestions  of  the  Council,  and  not  delay  thus  to  add  to  the 
long  list  of  services  already  performed  by  them  to  the  cause  of 
agriculture. 

Machinery. 

In  the  class  of  machinery  Mr.  Amos  regrets  that  after  a  close 
examination  he  can  discover  but  few  novelties  which  are  likely 
to  be  useful  to  the  English  farmers.  He  points  out  one  novelty, 
in  the  formation  of  the  boiler  of  a  portable  steam-engine,  ex- 
hibited by  Mr.  E.  Perignon  of  Pau  (art.  1667).  The  fire-tubes 
of  this  boiler  are  constructed  in  such  a  manner  that  they  can  be 
easily  removed  and  cleaned.  This  is  effected  by  a  main  fire- 
tube  being  connected  at  one  end  to  the  front  plate  of  the  boiler, 
and  at  the  other  end  to  a  wrought-iron  box.  The  smaller  tubes 
are  fastened  in  a  similar  manner.  The  heat  passes  through  the 
main  fire-tube,  and  returns  through  the  ten  small  tubes,  and  the 
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smoke  passes  up  the  chimney  fixed  at  the  front  end  of  the  boiler. 
The  whole  is  removed  by  unscrewing  the  front  plate — an  ope- 
ration easily  performed. 

A  cart  exhibited  1)y  Mr.  Thomas  Murray  (art.  348)  has  a 
contrivance  for  easing  the  labour  of  the  horse  when  descending 
hills.  The  body  of  the  cart  strikes  upon  a  carriage  fixed  to  the 
axletree,  and  two  wood  blocks  are  fastened  to  the  front  of  the 
cart  to  act  as  breaks.  When  the  cart  is  descending  a  hill,  and 
the  horse,  \fy  hanging  back,  endeavours  to  retard  its  too  rapid 
progress,  the  body  slides  backwards,  the  break  presses  against 
the  wheels,  and  a  part  of  the  load  is  removed  from  the  back  of 
the  horse  by  the  centre  of  gravity  of  the  load  being  thrown  more 
backward  on  the  wheels. 

In  the  general  exhibition  may  be  noticed  a  seed-extractor  (art. 
26),  exhibited  by  Mr.  Burwell  of  Thetford,  which  is  intended 
for  trefoil,  and  is  a  strong-made  article,  well  adapted  for  the 
purpose. 

Art.  1460,  exhibited  by  M.  Laborcy  of  Paris,  is  an  excellent 
invention  for  cleaning  wheat.  "  Red  wheat "  subjected  to  the 
process  has  the  appearance  of  "  white  wheat "  when  it  leaves 
the  machine. 

Mr.  Caldwell  saw  nothing  which  suggested  improvements  in 
our  existing  machinery.  The  French  threshing  machines  were 
weak  in  construction,  and  wanting  in  some  of  our  best  improve- 
ments.    In  the  award  the  names  stood  thus : — 

Messrs.  Eansome  and  Sims  ..  ..          ..  Ist  Prize. 

Garrett  and  Son     "^        ..                ,  i.  o  j  t»  • 

Barrett  and  Exall}       ..  «^'»»^  ^^  2nd  Pnze. 

Duvoin  (French)          ..  ..  ..          ..  3rd  Prize. 

Mr.  Huskinson  reports  as  follows  on  the  plovghs^  harrows, 
scarifiers^  and  rollers : — 

"In  ploughs,  the  English  competitors  were  Howard,  Ransome, 
and  Busby,  all  men  who  are  most  eminent  in  their  class  at  home. 
The  foreign  ploughs  were  very  numerous,  but,  excepting  the 
ploughs  from  the  Grignon  establishment,  and  one  or  two  from 
Belgium,  they  need  no  mention." 

**  The  construction  and  finish  of  the  English  ploughs  were 
superior  to  anything  exhibited,  but  they  were  also  the  most 
costly.  The  conditions  under  which  the  trials  took  place  were 
particularly  unfavourable  to  the  English  ploughs,  and  the  work 
done  was  less  satisfactory  than  I  ever  saw  at  any  English  trial, 
and  it  was  certainly  disappointing  and  discouraging  to  see  the 
slight  difference  there  was  in  the  work  of  the  very  best  and  the 
worst  ploughs.  This  result  was  partly  owing  to  the  land  experi- 
mented upon ;  but  I  am  inclined  to  think  that  similar  efi^cts, 
perhaps  in  a  less  degree,  would  follow  upon  great  part  of  the 
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French  soil.  The  soil  of  the  trial-field  was  naturally  a  light 
friahle  loam,  in  a  state  of  fallow,  or  preparation  for  green  crop, 
highly  manured,  and  almost  in  a  state  of  garden  culture.  There 
were  no  difficulties  to  overcome,  no  resistance  in  the  soil,  no  turf 
to  deposit,  no  stubble  to  invert,  none  of  those  impediments  which 
test  the  merit  of  implements.  But  this  is  much  the  case,  I  be- 
lieve, generally  throughout  France.  The  soil  is  naturally  lighter 
and  generally  drier  than  in  England.  It  is  scarcely  ever  seeded 
for  pasturing  with  stock,  which  increases  still  more  its  friability. 
In  England  the  soil,  naturally  tenacious,  is  rendered  more  so  hw 
the  humidity  of  the  climate,  and  from  the  quantity  of  the  stock 
kept  upon  it.  The  English  ploughs  have  been  successively  im- 
proved to  overcome  these  difficulties,  which  I  think  would  proTe 
quite  insuperable  to  any  foreign  plough  seen  at  Paris.  These 
differences  in  the  conditions  of  soil,  and  mode  of  cultivation, 
in  England  and  France,  have  doubtless  an  important  bearing  on 
the  implements  to  be  used,  and  I  concur  in  the  opinion  expressed 
by  all  my  colleagues  that  the  same  implements  are  not  equally 
applicable  to  both  countries.  It  will  be  well  for  the  English 
makers  to  give  this  point  their  serious  consideration.  The 
general  form  and  construction  of  their  ploughs  is  so  superioi', 
that,  if  they  were  divested  of  all  the  wheels  and  apparatus  which, 
though  necessary  in  England,  are  not  required  in  France,  the 
cost  would  be  reduced,  greater  simplicity  secured,  and  their  uie 
much  extended.  It  must  be  obvious  to  all  who  saw  the  bulk  of 
the  foreign  ploughs  that  the  great  demand  on  the  continent  is 
for  a  light  plough,  capable  of  being  drawn  in  free  soils  by  a 
single  horse.  If  our  best  makers  will  turn  their  attention  to  the 
production  of  a  simple,,  but  well-formed  and  well-constructed 
plough,  they  need  fear  no  competitors  who  exhibited  at  Paris." 

*'  The  distinction  in  the  soil  of  the  two  countries  did  not  affect 
the  other  implements.  The  operations  of  harrowing,  rolling,  and 
cleaning,  are  much  the  same  in  both,  and  here  the  English  im- 
plements of  established  repute  showed  their  great  superiority, 
and  took  the  first  prizes  in  each  class.  Howard's  harrowi, 
Crosskill's  roller,  and  Coleman's  cultivator,  had  no  competitora 
worth  notice  in  their  respective  classes;  but  in  these  I  would 
suggest  that  implements  should  be  produced  which  are  better 
adapted  to  small  occupations,  that  being  the  prevailing  condition 
through  vast  districts  of  the  Continent." 

Agricultural  Produce. 

Sir  A.  Macdonald  reports  that  the  collection  of  produce  was 
very  extensive  and  full  of  interest.  His  attention  was  chiefly 
directed  to  corn  and  seeds,  which  were  delegated  to  his  section 
of  the  jury.  The  principal  prizes  for  cereals  and  seeds  were 
awarded  as  follows : — 
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Collections, 

1.  Messrs.   Lawson  and  Son,  Edinburgh,  for  an    admirable 

assortment  of  every  kind  of  com  and  seed  cultivated  in 
the  United  Kingdom. 

2.  The  Imperial  School  of  Grignon  came  next  in  order  of 

merit  They  displayed  127  different  varieties  of  wheat, 
20  specimens  of  oats,  and  14  of  barley,  all  in  a  growing 
state :  these  were  particularly  interesting. 

3.  The  Algerian  collection  of  corn  was  very  remarkable ;  it 

comprised  several  samples  of  the  harvest  of  1856,  and  I 
observed  one  sample  of  barley,  second  crop. 
These  three  collections  received  the  great  medal  of  honour. 

After  naming  the  awards  of  the  other  medals  and  prizes.  Sir 
A.  Macdonald  writes, — "  I  am  sorry  to  say  that  the  agricultural 
products  of  England  consisted  only  of  a  few  samples  of  com,  all 
more  or  less  indifferent,  of  three  fleeces,  one  lot  of  potatoes,  a 
bottle  of  sheep-dipping  stuff,  and  some  coprolites.  The  cheeses 
of  England  were  not  to  be  found  in  the  English  department,  but 
were  represented  by  a  solitary  Cheddar  among  the  Scotch  pro- 
ducts. An  Austrian  gentleman  asserted  that  his  countn'men  and 
the  Bavarians  were  the  only  hop-growers  in  Europe.  We  begged 
him  to  examine  our  English  hops,  but  they,  like  the  cheeses, 
were  not  there.  Neither  was  there  a  single  specimen  of  our 
celebrated  ales  or  porter  in  the  whole  exhibition,  though  at  pre- 
sent  there  appears  to  be  a  mania  for  beer-drinking  at  Paris.  It 
is  to  be  hoped  that  at  the  forthcoming  Concours  Agrrcole  in 
1857  the  English  collection  of  agricultural  produce  may  be  more 
worthy  of  the  place  it  holds  in  the  French  catalogue,  which  is 
the  first,  the  post  of  honour.  The  Scotch  and  Irish  collections 
of  produce  were  as  remarkable  for  their  excellence  as  was  the 
English  for  its  mediocrity." 

To  these  observations  of  Sir  A.  Macdonald's  about  the  absence 
of  English  cheeses  from  the  show  may  be  added  that  5  gold 
medals  and  22  silver  medals  were  awarded  for  cheeses,  almost 
all  of  which  fell  to  the  share  of  the  Swiss  varieties  of  Gniyere 
and  to  a  few  French  cheeses. 

It  is  hoped  that  these  short  notes  may  be  of  some  service  to 
those  of  our  countrymen  who  intend  to  exhibit  in  any  of  the 
classes  next  year,  pointing  out  some  things  to  be  observed,  and 
some  things  to  be  avoided,  by  those  who  desire  to  attOKl  the 
show  with  credit  and  success. 

J.  Evelyn  Denison. 
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Xni.— Manure  for  Mangold  Wurzel    By  James  Caibd. 

There  is  probably  no  root- crop  grown  by  the  English  farmer 
which  is  more  under  the  influence  of  manure  than  mangold.  To 
no  other  green  crop  can  a  heavy  dose  be  so  safely  applied,  and 
the  only  question  with  the  grower  is  to  ascertain  the  kind  of 
manure  which  at  the  least  cost  will  .produce  the  greatest  effect. 
Not  knowing  exactly  what  might  be  the  most  suitable  dressing 
for  this  crop^  I  last  spring  adopted  the  safe  method  of  applying  a 
mixture  of  all  the  best  manures  in  the  following  liberal  propor- 
tions, viz. ! 

15  cubic  yards  of  good  dung,      I        2  cwt.  of  superphosphate, 

2  cwt.  of  Peruvian  guano,  |        2  cwt.  of  nitrophospbate, 

4  cwt.  of  conunon  salt, 

to  each  acre  of  my  general  crop  on  a  good  loam  in  Kent,  within 
ten  miles  of  London,  and  the  result  has  been  very  satisfactory. 
The  produce  of  one  measured  acre,  probably  the  best  in  the  field, 
weighed  upwards  of  forty  tons  of  roots  (the  yellow  globe  variety), 
and  the  whole  field  has  averaged  over  thirty  tons. 

In  order- to  ascertain  which  one  of  these  manures  had  the  best 
efi*ect,  I  directed  a  series  of  experiments  to  be  made  in  another 
field,  where  the  soil  was  more  gravelly  and  not  quite  so  favourable 
to  the  mangold  crop.  There  were  twelve  experiments  altogether, 
each  occupying  the  tenth  part  of  an  acre,  each  comprising  three 
rows  of  roots,  the  middle  one  of  which  was  weighed  in  testing  the 
results.  The  whole  plot  was  of  uniform  soil,  the  previous  crop 
on  which  had  been  wheat  after  Italian  rye-grass. 

The  experimental  crop  of  mangold  varied  from  11  tons  18  cwt 
up  to  30  tons  12  cwt.  an  acre — the  best  acre  being  thus  nearly 
three  times  as  productive  as  the  worst.  The  best  and  the  worst 
are  here  brought  together : — 

The  Best  received 
20  cubic  yards  of  dung        | 

4  cwt.  of  Peruvian  guano  >  and  produced  30  tons  12  cwt, 

5  cwt.  of  common  salt       ) 

The  Worst, 
8  cwt.  of  superphosphate  alone,  and  produced  11  tons  18  cwt. 

It  is  thus  clear  enough  that  superphosphate  by  itself  is  not  a 
good  manure  for  mangold. 

Taking  the  best  again  as  the  point  of  comparison,  I  compare  it 
with 

The  Second  Worst, 
Eight  cwt.  of  nitrophosphate  alone,  which  produced  12  tons  11  cwt., 

and  with 

The  Third  Worst, 
Five  cwt.  of  Peruvian  guano  alone,  wbich  produced  12  tons  15  cwt, ; 
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experiments  which  show  equally  clearly   that  neither  of  these 
manures  singly  will  ensure  a  good  crop  of  mangold. 

But  in  case  these  applications  had  been  made  in  too  small 
quantities,  I  tried  a  second  series  with  larger  quantities  applied 
singly,  and  embracing  a  comparison  with  dung  alone,  with  the 
following  results : — 

tons,  cwt 

40  cubic  yards  of  dung  produced    ..      ..21  3 

7i  cwt.  of  Peruvian  guano      17  17 

12  cwt.  of  superphosphate       14  19 

12  cwt.  of  nitrophosphate       15  6 

The  best  of  these  is  nearly  a  third  short  of  the  best  experiment, 
and  the  worst  is  more  than  one-half  deficient. 

The  next  series  is  a  mixture  of  all  the  manures  in  various  pro- 
portions, salt  however  being  an  additional  constituent  of  each : — 


1. 

20  cubic  yards  of  dung 
1  cwt.  of  Peruvian  guano 
1  cwt.  of  superphosphate 

1  cwt.  of  nitrophosphate 

2  cwt.  of  common  salt 


torn,  cwta 
produced  25    10 


2  cwt.  of  Peravian  guano  \ 

2  cwt.  of  superphosphate  I  20      6 

2  cwt.  of  nitroimosphate  j        " 

2  cwt.  of  common  salt  j 

3. 

li  cwt.  of  Peruvian  guano  \ 

IJ  cwt.  of  superphosphate  I  ^g    1 1 

IJ  cwt.  of  nitrophosphate  j        " 

1\  cwt.  of  salt  j 

In  each  of  these  cases  the  proportion  of  salt  seems  to  have  been 
too  low,  as,  by  running  the  eye  down  the  annexed  general  Table 
of  the  experiments,  it  will  clearly  be  seen  that  in  every  instance* 
yhere  salt  forms  an  ingredient  of  the  manure  the  produce  is  in-- 
creased. 

This  brings  me  to  the  last  of  the  series,  though  the  first  in  the 
Table,  which,  taken  with  the  effect  of  salt  in  all  the  other  cases 
where  it  was  applied,  clearly  shows  that  for  my  soil  and  locality 
SALT  should  form  a  main  ingredient  in  any  mixed  manure  for  the 
mangold  crop.     Thus — 

toot,  cwt 
20  cubic  yards  of  dung,  and  4  cwt.  of  Peruvian  jcnano,  gave  ..23  16 
While  the  same  manures,  with  the  addition  of  5  cwt.  of  salt,  gave  30    12 

The  additional  6  tons  16  cwt  were  thus  obtained  at  the  moderate 
cost  of  7^.  6(/.,  the  price  of  5  cwt.  of  salt 

The  annexed  Table  shows  the  details  of  the  whole  series  of 
experiments,  with  the  cost  of  the  manure  and  the  produce  of  the 
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crop.     I  hope  it  may  be  found  to  contain  some  useful  hints  to 
mangold  growers  as  to  the  best  mixtures  of  manure  for  that  crop. 

Langley  Park,  Nov.  22,  1866. 


Sir, — The  enclosed  experiments  were  carefully  conducted; 
the  dung  was  drawn  and  spread  under  my  eye ;  the  artificials 
sown  with  my  own  hand ;  the  roots  were  pulled  and  weighed  in 
my  presence :  in  short  they  have  received  my  best  attention. 

William  Horn,  Farm  Bailiff 

James  Caird,  Esq. 

Experiments  with  different  Manures  on  Mangold  Wurzel — Crop  of  1856. 
Sown  May  21 ;  raised  Nov.  12. 


No. 

of 
Lots. 


Kind  and  Quantity  of 
Manure  per  acre. 


Coetper 

cubic  yard  or 

cwt. 


Total  Cost 

of  Manure  per 

acre. 


pera 


10 
11 
12 


20  cubic  yards  of  dang 

4  cwt.  guano      . .    . . 

20  cubic  yards  of  dung 

4  cwt.  guano      . .    . . 

5  „    salt     

20  cubic  yards  of  dung 

1  cwt.  guano 

1    ,, '  superphosphate 

1  „    nitrophosphate 

2  „    salt     

40  cubic  yards  of  dung 

2  cwt.  guano  . .  . . 
2  „  superphosphate 
2  ,,  nitrophosphate 
2    »    salt    

7^  cwt.  guano     . .    . . 

12  cwt  superphosphate 

12  cwt.  nitrophosphate 

1}  cwt.  guano 

li  yj  superphosphate 
l||  ,,  nitrophosphate 
li    „    salt     

5  cwt.  guano      . .    . . 

8  cwt.  superphosphate 

8  cwt.  nitrophosphate 


per  yard. 
38,  6d, 
per  cwt. 
12s.  Od. 
per  yard. 
35.6rf. 
per  cwt 
12«.  Od. 

1     6 
per  yard. 
3s,  6d, 
per  cwt. 
12*.  Od, 

7     0 

6  6 
1     6 

perywd. 

35.  6d, 

per  cwt. 

I2s,  Od. 

7  0 

6  6 
1     6 

12     0 

7  0 

6  6 

12  0 

7  0 
G  6 
1  6 

12    0 

7     0 

6    6 


£.    i,  d, 

5  18  0 

^656 

4  18  6 

7     0  0 

2  14  0 

4  10  0 

4     4  0 

3  18  0 

1  16  0 

3    0  0 

2  16  0 
2  12  0 


tons,  cwt 

23  16 

30  12 

25  10 

21  '3 

20  6 

17  17 

14  19 

15  6 

1»  11 

12  15 

11  18 

12  11 
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XIV. — On  tlie  Cultivation  of  MangoldnwurtzeU    Bj 
Charles  Paget. 

No  one  can  have  cultivated  turnips  for  many  years,  in  the 
Midland  and  Eastern  Counties,  without  discovering  that  not- 
withstanding our  improved  appliances,  the  crop  has  become  more 
precarious  and  less  abundant.  Hence  it  is  desirable  to  find  a 
substitute  for  the  swede,  in  feeding  our  cattle  and  sheep,  which 
will  not  deprive  the  soil  of  the  constituents  which  are  necessary 
for  the  healthy  growth  of  that  root  This  substitute  is  found  in 
the  mangold- wurtzel,  or  beet. 

The  statistical  returns  of  agriculture  show  how  small  a  space 
this  valuable  root  holds  in  our  rotations ;  and  as  I  think  its 
culture  must  be  greatly  extended  when  its  value  is  properly 
appreciated,  I  will  proceed  to  state  some  of  its  advantages,  and 
the  mode  of  culture  which  has  secured  for  me  a  very  satisfactory 
degree  of  success. 

First  then,  as  to  the  amount  of  produce.  I  can  reckon  upon 
30  tons  of  beet  per  acre,  quite  as  securely  as  upon  20  of  swedes, 
upon  good  turnip  land ;  where  there  is  a  large  proportion  of  clay 
in  the  soil,  the  comparison  is  still  more  favourable  to  the  beet. 
Then,  the  nutritive  quality  of  the  beet  is,  after  Christmas,  fully 
equal  to  that  of  the  swede ;  after  March  it  is  superior. 

Store  cattle  will  thrive  better  upon  50  lbs.  of  beet  in  addition 
to  their  wheat  straw  than  upon  4  lbs.  of  oil-cake.  Suckling  ewes 
and  feeding  sheep  will  consume  14  lbs;  daily  very  profitably.  It 
is,  iiowever,  for  the  milking  and  feeding  beasts  that  I  find  its 
chief  value,  and  after  January  I  give  these  animals  80  lbs.  daily, 
in  addition  to  their  hay,  chaff,  and  4  or  6  lbs.  of  com  or  cake*  In 
the  later  months  of  the  winter  I  give  each  horse  in  my  cart-stable 
8  lbs.  of  beet  daily. 

A  great  advantage  which  the  beet  possesses  over  the  turnip  is 
its  early  maturity.  On  those  clayey  soils  in  which  it  produces  the 
heaviest  crops,  carting,  in  wet  weather,  is  a  very  expensive  and 
a  very  injurious  operation ;  but  the  beet  being  ready  for  harvesting 
in  the  second  week  of  October,  it  may  generally  be  got  home 
without  injury  to  the  land.  I  have,  this  27th  of  October,  secured 
upwards  of  800  loads  from  22  acres,  and  left  the  land,  with  the 
tops  scattered  over  it,  in  good  order  to  be  ploughed  for  wheat ; 
and  it  is  very  seldom  that  we  have  experienced  a  wetter  October* 
Notwithstanding  the  large  produce  derived  from  this  crop,  the 
succeeding  wheat  or  barley  will  generally  be  very  good,  if  the 
tops  are  equally  distributed  over  the  land  and  ploughed  in.  Fch: 
many  years  1  have  had  an  average  of  6  quarters  of  wheat  to  the 


404  CuItiv€Uion  of  Mangold^umrtzel  or  Beet. 

acre  in  this  part  of  my  rotation,  without  any  other  dressing  than 
3  cwt.  of  salt. 

The  beet  sends  down  its  feeders  deep  into  the  marly  subsoil. 
I  am  now  engaged  in  carrying  a  drain,  4  feet  deep,  through  part 
of  the  field  on  which  it  grew  this  year,  in  order  to  drain  another 
part.  I  find  the  marl,  4  feet  from  the  surface,  full  of  small  roots, 
and  I  have  never  seen  a  full  crop  where  the  subsoil  was  unpro- 
pitious,  as,  for  instance,  on  a  poor,  sandy  or  gravelly  subsoil ; 
but  beet  will  derive  sustenance  from  many  tenacious  clays  if 
they  are  well  drained. 

This  property  of  sending  its  roots  to  a  great  depth  in  the  sub* 
soil  has  its  inconveniences.  I  have  seen  many  drains  4  and  eveo 
5  feet  deep,  choked  by  the  roots.  This  will  only  happen  where 
there  is  a  summer  run  of  water,  and  in  these  situations  I  recom- 
mend the  substitution  of  cabbages  or  potatoes  near  the  drain — 
say  for  6  feet  on  each  side  of  it.  The  greater  part  of  my  arable 
land  only  requires  drains  to  carry  off  the  excess  of  rain-water  in 
very  wet  weather,  and  was  effectually  drained,  more  than  thirty 
years  ago,  with  tiles  from  24  to  30  inches  deep.  On  this  land  I 
never  see  any  mischief  from  the  roots  of  the  beet,  which  pene- 
trate far  below  the  drains  into  the  subsoil. 

On  the  few  acres  on  which  this  system  of  draining  has  not 
been  effectual,  I  find  that  the  plants  become  stunted  and  the 
leaves  turn  prematurely  yellow,  if  a  continued  rain  raises  the 
water-table  too  near  to  the  surface  and  drowns  the  rootlets.  Such 
an  appearance  is  an  imperative  hint  to  take  up  the  tile  and  put 
it  in  at  a  greater  depth. 

The  best  soil  for  beet  being  somewhat  tenacious,  its  cultiva- 
tion requires  peculiar  care  to  secure  a  proper  seed-bed.  My 
rotation  is  as  follows : — 1st  year,  swedes  or  beet ;  2nd,  wheat 
or  oats ;  3rd,  clover ;  4th,  wheat ;  5  th,  beet ;  6th,  wheat ;  7th, 
beans ;  8th,  wheat.  If  there  is  any  couch-grass  in  the  land,  it 
will  be  easily  seen  after  the  first  mowing  of  clover.  If  a  man 
can  dig  it  out  of  half  an  acre  a-day,  let  him  do  it  with  a  strong 
fork. 

If  there  is  much  couch-grass,  as  soon  as  possible  after  the  first 
crop  of  clover  is  mown  break  up  the  clover  brush  with  a  strong 
grubber,  such  as  the  Ducie  drag,  to  the  depth  of  at  least  5  inches, 
and  there  will  be  plenty  of  time  to  clean  it  thoroughly  before 
the  wheat  is  sown. 

Keep  the  wheat  well  horse-hoed,  and  in  the  autumn  dig  out 
any  couch-grass  which  may  remain.  Then  skim  the  ground  not 
more  than  2  inches  deep,  and  harrow  it  in  the  driest  weather. 

It  is  now  ready  for  the  manure,  of  which  I  give  21  horse-loads 
to  the  acre  direct  from  the  fold-yard  at  the  earliest  opportunity 
after  wheat-sowing  is  concluded. 
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I  spread  at  the  same  time  10  cwt.  of  woollen  waste  to  the  acre. 
This  mixture  is  covered  in,  when  it  will  do  well,  by  a  6-inch 
furrow — followed  by  a  subsoil  plough  stirring  the  subsoil  ano- 
ther 6  inches ;  this  operation  ought  to  be  completed  before  the 
end  of  February. 

If  any  of  those  circumstances  which  will  sometimes  derange 
the  operations  of  the  farmer  have  prevented  his  spreading  his 
manure,  so  as  to  get  it  ploughed  in  before  the  end  of  February, 
and  if  the  surface  soil  is  in  a  good  state,  let  him  sow  2  cwt.  of 
guano  broadcast,  when  he  harrows  the  land  to  prepare  for  the 
drill,  and  2  cwt  more  at  each  of  the  2  first  hoeings ;  and  he  will, 
if  his  fortune  equals  mine,  find  a  very  satisfactory  crop  of  beet, 
followed  by  a  very  good  wheat  crop  and  excellent  seeds. 

The  seed-bed  ought  to  be  in  such  a  state  that  the  capillary 
attraction  will  supply  the  seed  with  sufficient  moisture. 

This  condition  cannot  be  secured  on  tenacious  soils,  unless 
they  are  reduced  by  frost,  so  that  the  earth  is  finely  divided,  and 
consequently  its  parts  are  in  contact  with  each  other. 

About  March  20th  harrow  the  land,  and,  if  sufficient  reduction 
of  the  soil  has  not  been  effected  by  frost,  roll  it  and  harrow 
again  till  it  is  fine. 

The  best  seed-time  in  this  locality  is,  in  my  opinion,  from 
April  7th  to  April  10th.  It  is  useless  in  general  to  sow  it 
earlier,  because  the  temperature  is,  I  think,  too  low  for  the 
germination  of  the  seed. 

My  experiments  do  not  lead  me  to  believe  that  this  compara- 
tively early  sowing  produces  many  more  runners,  and  our  summers 
are  too  short  to  admit  any  unnecessary  delay  in  sowing.  The 
seed  should  not  be  buried  more  than  three-quarters  of  an  inch.  K 
the  weight  of  the  drill-coulter  would  put  it  in  at  a  greater  depth 
I  employ  counteracting  weights,  working  over  pullies  fixed  on  a 
wooden  rail,  with  great  advantage.  If  the  soil  will  not  bed  well 
to  the  seed  and  keep  it  moist,  do  not  hesitate  to  roll  and  harrow 
after  sowing.  I  have  seen  the  earliest  and  best  plant  in  the  field 
on  the  track  of  a  cart-wheel  which  had  passed  ovfer  it  in  leading 
off  a  ton  of  gathered  pebbles.  At  the  time  of  sowing  give  1  cwt.  of 
guano  to  the  acre,  and  a  2nd  and  3rd  cwt.  at  the  first  and  second 
horse-hoeing.  My  rows  are  drilled  on  the  flat  24  inches  apart ; 
I  endeavour  to  set  the  plants  16  inches  in  the  row.  After  the 
second  horse-hoeing  I  put  two  light  horses  into  a  grubber  with 
five  tines,  and  stir  the  soil  to  the  depth  of  6  inches.  This  should 
be  done  as  soon  as  the  plant  is  well  .established,  lest  it  should 
break  the  surface  roots  too  much ;  but  done  at  the  proper  time 
it  is  very  beneficial  in  promoting  the  rapid  growth  of  the  beet 
I  give  75.  per  acre  for  singling  the  plants  and  giving  them  an 
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effectual  second  hoeing.  When,  towards  the  end  of  Ji 
leaves  are  too  large  to  admit  the  horseshoe,  I  generally 
third  hoeing  at  3^.  per  acre,  which  leaves  the  field  sul 
clean.  If  there  are  any  material  vacancies  in  the  rows  I 
up  late  in  May  with  turnips,  which  are  sufficiently  foi 
be  got  up  early  in  October  at  the  same  time  as  the  be 
nothing  induce  the  grower  to  strip  the  leaves  from  tl 
before  taking  up  the  root ;  a  series  of  careful  experin 
convinced  me  that  by  so  doing  we  borrow  food  at  a  most 
interest.  As  soon  as  may  be  after  October  the  4th,  I 
beet  up,  cutting  off  the  leaves,  but  leaving  the  neck  S4 
may  put  out  young  leaves.  If  the  neck  is  entirely  cut 
root  is  apt  to  decay.  The  strong  roots  are  cut  off  and 
removed  without  cutting  the  outer  skin  much.  A  pit  is  ] 
by  removing  the  soil  18  inches  deep  and  9  feet  wide ;  i 
are  piled  about  6  feet  high  in  the  centre,  and  covered  dc 
stubble  and  mould  about  10  inches  thick,  leaving  apertui 
20  feet  at  the  top  of  the  pit  for  the  escape  of  the  heat,  i 
a  slight  degree,  is  always  generated  in  the  pits.  These  i 
should  be  covered  with  mould  when  the  severe  frosts 
The  only  insect  whose  attacks  upon  the  young  plant  i 
dreaded  is  the  slug.  It  feeds  upon  the  seed-leaves  at 
age,  and,  if  permitted  to  go  on  unmolested,  will  make 
inroads,  but  it  is  easily  detected  by  the  appearance  of  tl: 
one  seed-leaf  being  frequently  taken  and  the  other  le 
slug  is  at  once  destroyed  and  the  crop  benefited  by  Wk 
early  dawn,  after  a  still  dewy  night,  a  mixture  of  1 
guano  and  2  cwt.  of  salt  to  the  acre. 

As  to  the  kind  of  beet  to  be  sown,  my  experience  leai 
conclusion,  that,  upon  very  good  land  in  a  fine  warm  su 
larger  crop  may  be  obtained  from  the  long  red  than  i 
orange  globe,  but  the  latter  is  the  hardier  plant ;  in  cole 
it  germinates  more  freely,  and  I  have  now  adopted  it  exi 
for  my  main  crop. 

My  experience  of  the  value  of  this  root  has  been  so  \ 
so  uniform  that  I  have  no  hesitation  in  calling  upon  mj 
farmers,  who  are  similarly  situated  as  to  their  climate  i 
soil,  to  participate  in  its  advantages. 

Ruddington  Grange^  near  Nottingham, 
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XV. — On  the  Action  of  the  Atmosphere  upon  newly^epened  Soil. 
By  Thomas  F.  Jamieson,  Ellon,  Aberdeenshire. 

Prize  Essay. 

Soil  or  earth  newl  j  turned  up  'to  the  surface  is  exposed  to  many 
influences  which  before  affected  it  either  not  at  all  or  only  in  a 
faint  degree.  These  influences  mainly  arise  from  the  atmos- 
pheric envelope  surrounding  our  planet,  and  from  the  rays  of 
that  luminary  whose  powerful  attraction  guides  it  in  its  path 
through  space. 

But  besides  this  exposure,  the  soil  is  also  thus  released  from 
pressure,  and  has  full  freedom  to  expand,  crumble  down,  and 
spread  itself  out  to  the  enriching  eiFects  of  the  sun  and  air^ 
and  to  inhale  freely  the  breezes  which  play  around  it,  bringing 
materials  which  are  as  necessary  for  its  amelioration  and  changes 
as  they  are  to  the  living  organisms  that  exist  upon  its  surface. 

The  subject,  therefore,  naturally  divides  itself  into  these  two 
branches : — 

1.  The  solar  influences,  embracing  the  ejGPects  of  temperature 
and  light. 

2.  Tlie  aerial  influences,  or  those  arising  from  that  mixture  of 
substances  which  forms  our  atmosphere. 

It  is  proposed,  therefore,  first  to  take  into  consideration  the 
action  of  the  sun's  rays,  then  to  pass  on  to  the  eflFects  produced  by 
the  several  constituents  of  the  atmosphere,  and  after  that  to  look 
somewhat  into  the  ingredients  of  the  soil  with  the  view  of 
showing  how  they  are  likely  to  be  affected  by  those  agencies 
which  will  have  come  under  our  notice.  In  this  manner,  it  is 
conceived,  opportunities  will  be  afforded  of  touching  upon  all 
those  topics  which  this  paper  should  embrace. 

First,  then,  as  to  the  influences  emanating  from  the  sun. 
The  sunbeams  which  play  upon  our  globe  have  a  more  compli- 
cated action  than  was  of  old  supposed.  Newton,  transmitting 
one  of  these  beams  through  a  glass  prism,  found  the  resulting 
spectrum  to  be  composed  of  the  seven  rays,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet ;  which  Brewster  would  simplify 
into  three,  Red,  Yellow,  and  Blue,  and  their  modifications.  At- 
tention being  thus  directed  to  the  compound  nature  of  the  solar 
radiations,  it  was  soon  observed  that  they  possessed  different 
properties,  and  it  is  now  found  that  they  have  at  least  four  well- 
marked  characteristics : — 

1.  The  calorific,  or  power  of  imparting  heat. 

2.  The  luminous,  or  power  of  imparting  light. 

3.  The  chemical,  or  power  of  inducing  chemical  changes. 
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4.  The   phosphorogenic,    or   power   of   inducing   phosphor- 
escence. 

Other  properties,  for  aught  we  know,  may  be  induced,  such  as 
magnetism,  and  perhaps  more  not  yet  investigated. 

"  If  we  decompose,"  says  Melloni,  *'  a  bundle  of  solar  rays  by 
means  of  a  rock-salt  prism,  and  measure  the  degree  of  heat 
proper  to  each  band  of  the  spectrum,  we  find  that  the  tempera- 
ture increases  from  the  violet  towards  the  red  until  it  has  reached 
a  point  midway  between  the  red  and  the  yellow  ;  at  this  point  a 
pretty  rapid  decrease  of  temperature  takes  place."  Lignt  and 
heat,  he  concludes,  proceed  from  two  distinct  causes  which, 
perhaps,  are  but  different  effects  of  a  single  cause — the  luminous 
and  the  calorific  rays  being  perhaps  only  two  essentially  dis- 
tinct modifications  which  the  etherial  fluid  suffers  in  its  mode  of 
existence. 

Of  these  properties,  the  power  of  imparting  heat  is  the  one 
that  most  powerfully  affects  the  materials  of  the  soil,  and  as  the 
effects  produced  are  mainly  due  to  the  alternations  of  heat  and 
cold  brought  about  by  the  vicissitudes  of  day  and  night,  summer 
and  winter,  it  will  be  necessary  to  investigate  what  are  the  con- 
ditions of  temperature  to  which  the  soil  is  exposed  both  at  the 
surface  and  at  moderate  depths. 

Professor  J.  D.  Forbes  has  shown  {Proceedings  of  Royal  Society^ 
iv.  391)  that  the  solar  rays  are  subject  to  considerable  diminu- 
tion in  their  passage  through  the  atmosphere.  The  law  of  the 
absorption  of  the  incident  heat  rays  probably  depends  on  a 
difference  in  their  nature,  their  elements  being  partly  absorbable 
and  partly  persistent,  the  absorption  in  passing  through  a  ver- 
tical atmosphere  of  760  millimetres  of  mercury  (=30*4  Eng. 
inches)  being  such  as  to  reduce  the  incident  heat  from  1  to  0'534. 

The  amount  of  absorption  of  incident  solar  heat  traversing  the 
atmosphere  vertically  in  clear  weather  is,  according  to — 

Bouguer      ..      ..  19'  per  cent,  of  that  incident  on  the  exterior 

of  the  atmosphere. 

Lambert      ..      ..  41-  ditto  ditto 

Leslie 25'  ditto  ditto 

Kamtz        ..      ..  32-  ditto  ditto 

Pouillet       ..      ..  25*  ditto  ditto 

Kamtz  and  Forbes  29*  ditto  ditto 

Taking  the  loss  of  radiant  heat  in  its  vertical  passage  through 
the  air  at  only  25  per  cent.,  at  an  angle  of  elevation  of  25°  the 
force  of  the  sun's  heat  would  be  reduced  to  one-half,  and  at  5°  to 
one  twentieth  part.  The  difference  of  the  direct  effect  of  a  vertical 
and  horizontal  sun  is  due  to  this  cause  alone,  exaggerated  im- 
mensely by  the  variable  meteorological  state  of  the  atmosphere. 
{Forbes^  Brit  Assoc.  Report  for  1840.) 
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Reaching  therefore  the  crust  of  the  earth,  the  force  of  the  sun's 
rays  will  vary  according  to  the  exposure  of  the  surface ;  if  its  in- 
clination he  such  that  the  rays  strike  perpendicularly  upon  it, 
then  the  soil  will  be  twice  as  much  heated  as  it  would  be  were 
the  same  amount  of  sunshine,  by  coming  obliquely  upon  it,  spread 
over  double  the  surface.  Much  also  will  depend  upon  the  colour 
of  the  soil,  for  it  has  been  clearly  proved  that,  for  surfaces  of  the 
same  texture,  the  heating  effect  of  the  sun's  rays  is  in  proportion 
to  the  darkness  of  the  colour ;  this  may  be  shown  in  a  simple 
manner  by  placing  differently  coloured  pieces  of  cloth  on  the 
snow  exposed  to  the  sun,  when  the  darkest  bits  will  be  seen 
to  sink  fastest. 

The  ground,  being  generally  of  a  dark  colour,  may,  if  dry,  be 
expected  to  attain,  when  the  sun  beats  upon  it,  a  temperature 
similar  to  what  a  thermometer  with  a  blackened  bulb  would 
under  similar  exposure.  Let  us  see,  therefore,  what  that 
may  be. 

Saussure,  by  properly  defending  the  thermometer  from  wind 
and  common  radiation,  raised  the  temperature,  in  the  sun,  to 
190°  F.  Pouillet  also  states  that  he  found  the  thermometer, 
properly  protected  and  exposed  perpendicularly  to  the  solar  rays, 
assume  considerable  elevations,  often  rising  90®  F.  above  the 
ambient  temperature  towards  noon ;  it  sometimes  even  rose  to 
194°  F.,  the  temperature  of  the  air  being  80^.6  F.,  showing  an 
elevation  in  this  case  of  113^.4  F. ;  and  as  the  result  of  his 
observations  he  found  that  the  thermometer  exposed  to  the  sun 
may,  according  to  the  dispositions  given  it,  take  any  required 
excess  above  the  temperature  of  the  air  from  5°  F.  up  to  115°  F. 
{Scientific  Memoirs^  vol.  iv.,  pt  13,  p.  90.)  Even  at  Edin- 
burgh in  July  Mr.  Foggo  obtained  by  means  of  a  large  ther- 
mometer having  the  ball  covered  by  dark  wool  and  fully  exposed 
to  the  direct  rays  of  the  sun,  unsheltered  from  the  wind,  a  tem- 
perature of  150°. 

We  may  therefore  expect  that  in  calm,  clear,  summer  weather 
the  surface  of  the  ground  will  attain  a  very  high  degree  of  heat, 
and  that  this  will  especially  be  the  case  under  a  vertical  sun. 
In  Nubia,  "under  a  hot  and  copper  sky,"  the  Arabs  say  the 
soil  is  like  fire.  Sir  John  Herschel,  on  the  5th  of  December, 
1837,  between  one  and  two  p.m.,  observed  the  heat  under  the  soil 
of  his  bulb-garden  at  the  Cape  of  Good  Hope  to  be  159°  F.,  at 
3  P.M.  it  was  150°,  the  temperature  of  the  air  in  the  shade 
in  the  garden  at  the  same  time  being  98°  and  92^.  (Quoted  by 
Lindley  in  his  Principles  of  Horticulture^  p.  125.) 

Observations  are  much  wanted  to  show  what  temperature  the 
surface  soil  attains  in  this  country.  Mr.  Whitley,  of  Truro,  so 
late  in  the  season  as  the  16tb  of  September,  the  air  in  the  shade 
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being  65^,  ascertained  that  the  temperature  of  the  upper  two 
inches  of  garden-mould  exposed  to  the  sun's  rays  was  84^,  at  four 
inches  deep  69^.  But  the  thermometer  in  the  shade,  as  I  shall 
afterwards  show,  has  been  noticed  in  England  as  high  as  96^  F. ; 
the  soil  therefore  must  occasionally  attain  a  heat  almost  approach- 
ing to  that  observed  by  Herschel. 

This  heat  will  be  affected  to  a  considerable  degree  by  the  con- 
dition of  the  soil  as  to  dryness,  the  evaporation  of  any  moistuw 
it  may  contain  reducing  the  temperature  considerably ;  this  de* 
pression,  according  to  Schubler,  amounts  to  11^^  or  13^  F. 
Schubler  made  some  of  the  most  careful  investigations  we  pos- 
sess as  to  the  warming  of  soils  by  the  sun.  With  surfaces  o£ 
the  same  colour  he  found  that  the  materials  composing  the  soil 
made  little  difference  in  its  capacity  to  become  heated,  provided 
they  weie  in  similar  states  as  to  dryness ;  sand,  clay,  loam,  gar- 
den-mould, &c.,  showing  very  little  difference  with  the  thermo- 
meter. Colour,  however,  had  a  powerful  effect;  for  the  com- 
munication of  a  dark  tint  he  employed  lamp- black,  and  for 
white  fine  magnesia,  sprinkling  these  over  the  surface  by  means 
of  a  fine  lawn  sieve.  Although  exposed  to  the  sun  for  hoars,  tbe 
differently  coloured  earths  never  attained  the  same  temperature, 
the  lighter  coloured  always  remaining  considerably  cooler.  The 
following  are  some  of  his  results  : — 


Kinds  of  Earth  exposed  to  the  Son's  nys  between  11 

andSo'dodcin  thelatterpartof  Angost:  tenqrantore 

in  the  shade  72k^  to  77°  Fahr. 


Mean  of  the  hi^est  Temperature  of 

the  surface  uf  the  Earths  In  the 

shade,  77^  Fahr. 


Surface  of 
Natoral  Colour. 


Wet. 


Diy. 


With  Diy  Earth. 


With  a 
White 
Surfitce. 


WItha 
Black 

Snrftoe. 


Siliceous  sand — ^bright  yellowish  grey 
Calcareous  sand — whitish  grey 

Sandy  clay — yellowish        

Loamy  day — ^yellowish      

Stiff  clay— yellowish  grey 

Fine  bluish-grey  clay 

Garden  mould— blackish  grey  ..      .. 

Arable  soil — grey        

Slaty  marl — brownish  red 


99-1 
99-3 
98-2 
99-1 
99'3 
99-5 
99-5 
97-7 
101-8 


112*6 


112" 
HI' 
112 
112' 
113' 
Ha- 
ul' 
115- 


109-9 
109-9 
108*3 
107-8 
107-4 
106-3 
108*3 
107*6 
108*3 


o 
123*6 
124-0 

1S1*6 
121-1 
120*4 
120*0 
122-5 
1220 
123-4 


The  earths  were  placed  in  vessels  with  four  square  inches  of 
surface  and  half  an  inch  deep,  thermometers  being  placed  in  them 
so  as  to  have  their  bulbs  covered  one-eighth  of  an  inch  high  with 
earth. 

Sir  H.  Davy  says,  "  I  found  that  a  rich  black  mould,  which 
contained  one-fourth  of  vegetable  matter,  had  its  temperature 
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increased  in  an  hour  from  65^  to  88°  by  exposnre  to  sanshine, 
whilst  a  chalk  soil  was  heated  only  to  69^  under  the  same  circum- 
stances." The  mould,  however,  was  found  to  cool  much  quicker 
than  the  chalk.  A  brown  fertile  soil  be  also  noticed  to  cool 
quicker  than  a  cold  barren  clay,  but  when  the  clay  contained 
moisture  it  lost  its  heat  very  rapidly. 

In  the  following  table  I  have  thrown  together  some  of  the  highest 
temperatures  which  the  soil  has  been  observed  to  take,  premising 
that  good  observations  of  this  kind  are  scanty,  and  that  consider- 
ably greater  degrees  of  heat  must  occur  in  tropical  climates : — 


Places. 


Shade, 
Temp,  of 
the  Air. 


remperatan 
of  tlie  sur- 
face Soil 


Authority. 


France         

Geneva,  1 334  Eng.  feet  above  sea 
Tubingen,  1076  Eng.  feet  do.  .. 

Egypt 

Tropics       

Oronoco,  coarse  white  sand     .. 
African  Desert,  sand 

Nubia,  sand        

Cape  of  Good  Hope,  soil  of  al 

garden j 

Bermoda 


91*5F. 

78*0 

84 
98 


127  F. 
125 
153.5 
144 
oftenl260 
to  134° 
140 
140 

150 

159 
142 


Arago. 
Schubler. 

>» 

Edwards  and  Colin. 

[Humboldt 

Dr.'E.  Vogel. 
[Tbompton  8  Meteoro* 
I    logy. 

Sir  J.  HerscheL 

Col.  Emmett 


The  following  is  a  valuable  table  of  observations  made  by 
Schubler,  with  regard  to  which  he  remarks :  "  Those  observations 


In  perfectly  fine  Weather. 

In  Variable  Weather: 

Mean  of  the  whole  Mouth. 

Mean  Temperature    1  Elevatiou 
of  the                   of  Tern- 

Mean  Temperature. 

Months. 

perature 

by  the 

Sun's  ray^ 

in 
Degree.. 

Of  the 
Earth's 
Surface 
at  Noon. 

At 
3  inches 
below 
theSoO. 

At 

4  feet 

below 

theSoiL 

Earth's 
Surface. 

Air  in 
Shade. 

Of  the 
Air  in 

the 
Shade. 

January  .. 
February . . 
March 
April 

May..      .. 
June 
July 

August     . . 
September 
October    . . 
November 
December 

o 

54-1 

86*2 

99-5 

121-6 

131*2 

139-8 

146-3 

130-1 

119-8 

80-8 

72-7 

59-2 

o 

24'6 
43*0 
46*6 
61-7 
67-3 
75-2 
81-3 
68*9 
68'0 
42*8 
40-1 
35-6 

o 

29-5 
43-2 
52«9 
59-9 
63-9 
64*6 
65*0 
61-2 
51-8 
38 '0 
32-6 
23*6 

o 

43-0 
45-7 
53-2 
78-9 
80-1 
89-1 
93*4 
96-0 
82-8 
59-8 
47-3 
35*3 

o 

38'5 
39-8 
43-2 
60-7 
64-4 
73-6 
73*3 
76-9 
70*2 
54-4 
43-7 
33-3 

o 

39-4 
88*6 
38-1 
48-3 
54-8 
61-5 
64-9 
68-6 
66-1 
58-8 
49-0 
39*0 

38*2 
36*8 
38*1 
60*1 
56*9 
60*9 
63*2 
65*8 
62*4 
51-8 
41-6 
32-1 

Means   .. 

103-4 

54-6     1     48'8 

67-1 

56-0 

52-3 

49*7 

412       Action  of  the  Atmospfiere  upon  newly-deepmed  Sail 

which  are  marked  as  having  been  made  in  fine  weather  exhibit 
the  mean  highest  temperature  of  an  ordinary  blackish-grey  garden 
mould,  as  observed  on  the  south  side  of  my  house  between  nocm 
and  one  o'clock,  whenever  the  weather  happened  to  be  perfectly 
fine  at  that  part  of  the  day.  They  are  founded  on  the  average  ot 
two  years'  observations ;  the  bulb  of  the  thermometer  was  covered 
only  TT  of  an  inch  high  with  earth.  Those  figures  in  the  table 
which  refer  to  variable  weather  rest  on  observations  made  in  the 
Botanic  Garden  at  Geneva  in  the  year  1796 ;  they  contain  the 
mean  of  the  observations  made  every  day,  and  not  merely  of  those 
taken  in  fine  weather." 

The  above  observations  will  serve  in  some  degree  to  show  to 
what  a  high  degree  of  warmth  the  surface-soil  will  attain  under  a 
clear  sun,  even  where  the  temperature  of  the  air  in  the  shade  is 
similar  to  what  frequently  occurs  in  this  country.  Under  such  a 
degree  of  heat  the  decomposition  of  the  organic  matter  of  the  soil 
must  go  on  at  a  great  rate,  with  the  evolution  of  much  ammcmia 
and  carbonic  acid,  agents  which,  as  will  be  afterwards  shown,  play 
an  important  part  in  the  modifications  of  the  mineral  matter  of 
the  soil.  It  may  be  also  gathered  from  the  last  table  what  eleva- 
tions of  temperature  the  surface  of  the  ground  may  be  expected 
to  attain  above  that  of  the  air  in  the  shade,  as  usually  recorded 
in  meteorological  registers.  It  will  be  observed  also  that  in  one 
case,  at  Tubingen,  the  soil  rose  75^  above  that  of  the  air,  when  the 
latter  was  at  78^  F.  Bearing  this  in  mind,  and  glancing  over  the 
shade  temperatures  which  will  be  found  subjoined,  the  conclusion, 
I  think,  cannot  be  avoided  that  in  some  countries  the  ground  must 
attain  a  degree  of  heat  much  above  any  yet  recorded,  perhaps 
occasionally  approaching  200°  F. 


Authoiltj. 


Near  Maidstone,  in  Kent;  7  Jane,\ 

1846 / 

Olapham ;  July,  1808 

? Buckinghamshire;  July,  1825 

Esne,  in  Upper  Egypt 

Near  the  Euphrates,  m  the  Desert 

Salt  Lake  of  BahrAssal     ..     .. 

Arabia 

Nubia 

Northern  Circars,  India ;  at  mid" 
night  in  1799     


G.  H.  Fielding,  Proceed,  of  Royal 

Soc.,  ▼.  625. 
Cavendish,  Res.  of  Roval  Soc 
Dr.  Heberden,  Proceed,  of  Royal 

Soc.,  ii.  260. 
Burckhardt. 

Griffiths,  Travels  in  Arabia. 
Harris,  Highlands  of  Ethiopia.  ' 
Encyc.  Brit,  8th  ed.,  iii.  737. 
Thompson's  Meteorology,  p.  56. 

Ditto,  p.  55. 


The  following  table  shows  some   of  the  greatest  degrees  of 
natural  cold  that  have  been  observed  in  this  and  other  countries :— 
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Ellon,  Aberdeenshire;  20  feet 
above  sea-level,  and  5  miles  in-| 
land;  17  Feb.,  1855 

Glasgow  ;  14  Jan.,  1780,  at  6  A.m! 

Rotbiemurcus,  Inverness,  Feb.,\ 
1823 / 

Strachan,  Kincardineshire ;  200 
feet  above  sea-level,  and  15 
miles  inland  ;  17  Feb.,  1855  .. 

Siberia,  lat.  58° 

Melville  Island 

Nova  Zembla        

On   the    Kolyma,    in   Asia,   lat.\ 

68^32';  8  Jan.,  1821       ..      ../ 
Arctic  regions  of  North  America,! 

lat.  65°       .'     ../ 

Fort  Keliance       

Head  of  Smith's  Sound,  Arctic) 
regions  of  North  America ;  Feb.,  J 
1851 ) 


Authority. 


The  writer. 

Dr.  Wilson,  Phil.  Trans.,  1780. 

Ed.  PhiL  Joum.,  viii.  396. 

Rev.  A.  M'Connochie  in  a  letter 
to  the  writer.  Temperature  was 
three  times  below  zero  in  this 
same  month. 
Pallas. 

Sir  W.  E.  Parry. 
Encyc.  Brit,  8th  ed.,  iii.  737. 
r  Ditto,  stated  to  be  greatest  cold 
\    in  Asia. 

Sir  J.  Franklin. 

rCapt.  Back,   Travels   in  Arctic 

\     Regions,  p.  631. 

I  Dr.  Kane,  of  the  U.  S.  Navy. 
Chloric  ether  froze,  and  57  dogs 
perished  under  symptoms  of 
hydrophobia. 


Pouillet  calculates  that  if  the  sun's  action  were  not  felt  upon 
our  globe,  the  temperature  of  the  surface  of  the  ground  would 
throughout  be  uniform  at  — 128**  F. 

As  the  disintegrating  effects  of  temperature  are  due  principally 
to  frost  and  the  variations  or  range  of  heat  to  which  the  earth  is 
exposed,  it  is  necessary  to  look  even  more  closely  at  the  degrees 
of  cold  to  which  the  soil  may  be  subject  than  we  have  done  to  the 
amount  of  heat.  This  we  shall  find  is  often  many  degrees  lower 
than  the  temperature  of  the  air  a  few  feet  above  it;  knowing, 
however,  what  that  is  likely  to  be,  we  shall  be  the  better  able  to 
jud^i^e  how  low  the  temperature  of  the  soil  may  be  liable  to  fall, 
as  few  meteorological  observations  are  recorded  concerning  the 
latter. 

The  following  Table  (p.  414)  shows  the  extreme  heat  and  cold 
and  range  of  the  thermometer  in  the  shade  at  various  places  on 
the  earth's  surface. 

From  the  effects  of  radiation  and  evaporation,  the  surface-soil 
is  often  many  degrees  colder  than  the  atmosphere  at  the  height 
thermometers  are  usually  hung  (4  to  5  feet),  and  this  is  the  case 
even  in  winter.  Thus  Dr.  Patrick  Wilson,  of  Glasgow,  during 
the  severe  frost  of  January,  1780,  found  in  the  declivity  of  a. 
garden,  during  a  clear  starlight  night,  a  thermometer  laid  on  the 
surface  of  the  snow  stood  from  8°  to  10°  lower  than  when  sus- 
pended  at  the  height  of  a  few  inches. 
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Maximxim. 

m^unu 

Range. 

Authoritj. 

o 

o 

o 

Rev.  Dr.  Farquharson, 

Alford,  Aberdeenshire       \ 
lat.  57°  13'  N./ 

84-0 

-12-0 

96-0 

420  feet  aboYe  sea;  26 

miles.inland ;  ISyeanT 

observation. 

Strachan,  Kincardineshire 

89-0 

-15-0 

104-0 

/Rev.   A.   M'Coonoehie, 
1850-55  incluslTe. 

Great  Britain 

96'0 

-15-0 

111-0 

Dr.  Heberden,  max.;  Rer. 
;  A.  M'Cofliioclide,  min. 

Surinam       lat    5°  88'  N. 

90-1 

70-3 

19-8 

Humboldt  for  max. 

Poodicherry       11    42  N. 

112-4 

70-8 

41-6 

Le  Gentil  and  Cosngay. 

Madras      ..       13    45  ,, 

104-0 

63-1 

40-9 

Koxburgh  for  max. 
CbanTalon. 

Martinique         14    35  ,, 

950 

.62-7 

32-3 

Cairo..     ..       30      2  ,, 

104-3 

48-3 

56-0 

C6ute11e  and  Niebnbr. 

Bagdad      ..       33    21  ,, 

122-0 

23  0 

99-0 

Ency6.  Brit,  and  Beaa- 
[  champ. 

Borne         ..       41     54  ,, 

100-4 

21-4 

79-0 

Schoutr. 

Cambridge,  Massachusetts,) 
lat.  42<»  25'N.| 

92-3 

-11-9 

104-2 

WilUams. 

Padua        ..       43    18  ,, 

97-3 

4-0 

93-3 

Tbaldo. 

Nice   ..      ..       43    42  ,, 

92-1 

14-8 

77-3 

Schouw. 

Pisa    ....       43    43  ,, 

102-9 

20-7 

82-2 

Ditto. 

Lucca        ..       43    51  ,, 

100-5 

16-0 

84-5 

Ditto. 

Bologoa     ..       44    SO  ,, 

98-7 

•    1-6 

97-1 

Ditto. 

Turin         ..       45       4  ,, 

98-4 

0-0 

98-4 

Ditto. 

Milan         ..       45     28  ,, 

93  9 

5-0 

88-9 

Observatory. 

Paris  ....       48     50  ,, 

101- 1 

-9-5 

110-6 

Arago. 

Prague       ..       50      5  ,, 

95-7 

-17-5 

113-2 

Stmadt 

Copenhagen       55    41    ,, 

92-6 

0-0 

92-6 

Bu^rge. 

Moscow     ..       55    45  ,, 

89-6 

-37-8 

127-4 

Stntter. 

Stockholm          59     20  , , 

93-9 

-16-4 

110-3 

Konnotr  and  Nicander. 

Petersburg         59    56  ,, 

92-1 

-29-2 

121-3 

Baler. 

Extremes  of  the  globe     . . 

132-0 

-70-0 

202-0 

(GriffithB,  max. ;  Back  & 
Kane,  mln. 

N.Bj — The  degrees  are  of  Fahrenheit's  scale. 

One  evening  in  January,  1856, 1  made  some  observations  of  this 
sort  in  an  open  plot  of  ground  in  my  garden.  The  following 
memorandum  shows  the  comparative  heights,  at  the  same  time,  of 
two  thermometers,  one  hung  in  a  stand  in  the  open  air  at  4i  feet 
from  the  ground,  the  other  placed  directly  on  the  surface  of  the 
snow : — 


Times  of  Observation. 

Thermometer 
in  the  Air. 

Thermometer 
on  the  Snow. 

Diffennoe. 

At  4  hours  1 5  minutes  p.m 

At  20  minutes  past  4  p.m 

At  half  oast  4  p.m.     . . 

o 

321  F. 
31-9 
31-3 

o 

18-8 
18  5 
18*2 

o 

13-3 
13-4 
13*1 

Showing  a  diflFerence  in  one  case  of  nearly  13J°  Fahr.  The 
thermometers  used  were  superior  instruments  made  by  Negretti 
and  Zambra,  of  London,  and  had  been  compared  with  standards 
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at  Kew  Observatory.  As  the  skj  was  not  all  clear,  a  greater 
difference  would  doubtless  be  observable  under  more  favourable 
circumstances. 

Mr.  Six,  of  Canterbury,  also  found  the  thermometer,  which  had 
been  suspended  in  the  air  on  a  clear  still  night  in  winter,  fall  134^ 
when  placed  flat  on  a  meadow ;  and  Scoresby  and  Capt.  Parry 
observed  analogous  depressions  in  the  Polar  regions  when  the 
temperature  of  the  air  was  more  than  20°  below  zero.  Wells 
noticed  a  difference  of  two  thermometers,  one  in  the  air  the  other 
placed  in  swan's-down  (a  good  radiating  substance),  amounting  to 
i5°  F.     {Brit.  Assoc.  Report,  1840,  p.  65.) 

M.  Pouillet,  from  observations  made  in  clear  nights  in  April, 
May,  and  June,  with  thermometers  placed  in  swan's-down,  found 
the  difference  arising  from  radiation  to  be  from  about  10°  F.  to 
16°  F.  below  the  temperature  of  the  air  at  4  feet  from  the  ground  ; 
the  greatest  difference  noticed  being  16°.2  F.  on  the  5th  May, 
between  eight  and  nine  in  the  evening.  The  temperature  lowered 
gradually  during  the  night  till  it  attained  its  minimum  towards 
sunrise.  The  thermometer  so  exposed  to  radiation  fell  frequently 
below  the  freezing  point  of  water  during  these  observations, 
whereas  the  one  hung  in  the  air  never  was  below  32°  F. 
{Scientijic  Memoirs^  vol.  iv.  part  13, 1844.)  With  regard  to  the 
radiation  of  heat  by  the  earth  to  air.  Prof.  Marcet  has  arrived  at 
the  following  conclusions : — 

1.  It  is  a  constant  phenomenon  about  the  time  of  sunset,  except 
in  tlie  case  of  violent  winds. 

2.  It  attains  its  maximum  immediately  after  sunset. 

3.  It  is  most  conspicuous  when  the  ground  is  covered  with 
snow. 

In  the  Andes,  Darwin  observed  that  where  the  rock  was  covered 
during  the  greater  part  of  the  year  with  snow,  it  was  shivered  in 
a  very  extraordinary  manner  into  small  angular  fragments.  And 
this  lowering  of  the  temperature  of  the  ground  does  not  occur 
merely  on  still  clear  nigiits,  but  also,  as  I  have  repeatedly  ob- 
served, takes  place  by  evaporation  in  windy  weather.  Thus  in 
December,  1855,  during  very  windy  weather  from  the  south-east, 
when  the  register  thermometer  did  not  fall  below  34°.3  F.,  all 
the  puddles  and  wet  mud  on  the  roads  were  frozen  bard,  the  sky 
being  cloudy.  The  amount  of  cold  due  to  evaporation  is  often 
very  considerable.  Thus  at  Southampton,  on  19th  April,  1854, 
at  3  P.M.,  Mr.  Drew  observed  a  difference  of  16°  between  the 
readings  of  the  wet  and  dry  bulb  thermometers,  the  one  being  69^ 
and  the  other  53^.  A  nearly  equal  difference  was  noticed  by 
Kamtz  on  the  summit  of  the  Faulhorn,  the  dry  bulb  being  at 
47°  F.  and  the  wet  at  32°,     At  Geneva,  in  August,  1832,  Prot 

2f2 
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J.  Forbes  found  a  coolness  by  evaporation,  amounting  to  20^  F^ 
the  thermometer  in  the  shade  being  at  92^  ;  and  Baron  Humboldt^ 
in  his  journey  in  Asia,  noticed  a  diiSerence  from  the  same  cause^ 
amounting  to  2V  F.,  the  temperature  of  the  air  being  74^6. 
{Brit,  Assoc.  Report^  1832,  p.  243.)  The  alternations  of  tern* 
perature,  therefore,  to  which  the  surface-soil  is  exposed  are  much 
greater  than  would  at  first  sight  appear.  Even  in  this  country^ 
from  150^  in  the  sun  to  15°  below  zero  in  the  shade,  we  have  an 
occasional  range  of  165*"  F.,  being  from  118°  above  the  freezing 
point  of  water  to  46°  below  it. 

The  foUowiiig  table  by  Mr.  Robert  Thompson  gives  the  average 
results  of  daily  observations  at  Chiswick,  near  London,  from  1826 
to  1853:— 


Months. 

Average 
lowest 

Average 
highest  Shade 

Daily  range  of 

Temperatore 
at  Night 

Temperature 
in  the  Day. 

Temperature 

• 

in  the  Shade. 

Janiutry  ..      .. 

30-78 

42*59 

o 
11*81 

February..      .. 

32*42 

45*83 

13*40 

March     ..      .. 

33-72 

50-74 

17-01 

^^   ::  :: 

36-89 

57-42 

20*53 

42-90 

64*79 

21*89 

June         ..      .. 

49-16 

71-86 

22*70 

July         ..      .. 

51-98 

74*36 

22-38 

August     . . 

61-01 

73*04 

22-03 

September 

46*64 

67-33 

20*69 

October   ..      .. 

41-36 

58*76 

17-40 

November 

36-22 

49-93 

13-71 

December 

33-95 

45-33 

11*37 

Year     ..     .. 

40*59 

58*50 

17-91 

In  India  the  thermometer  is  said  occasionally  to  range  from 
nearly  zero,  before  sunrise,  to  130°  F.  at  noon.  {ThompsorCs 
Meteorology^  p.  55.) 

Such  being  the  case  with  the  surface,  let  us  now  see  what  takes 
place  below,  that  we  may  compare  the  conditions  of  the  top  soil 
with  those  of  that  which  lies  dead  beneath  the  plough  furrow. 

To  assist  us  here  we  have  a  very  valuable  set  of  observations 
taken  under  the  direction  of  Leslie,  at  Abbotshall,  the  seat  of 
Mr.  Ferguson  of  Raith,  about  50  feet  above  the  sea  level,  and 
near  a  mile  from  the  shore  of  Kirkaldy,  in  Scotland,  during 
1815,  1816,  and  1817.  The  details  will  be  found  in  Leslie's 
article  on  Climate,  in  the  *  Encyclopedia  Britannica.'  Four 
thermometers  constructed  for  the  purpose  with  long  stems  were 
sunk  beside  each  other  at  the  depths  of  1,  2,  4,  and  8  feet,  in  a 
soft  gravelly  soil,  which  turned  at  4  feet  below  the  surface  into 
quicksand,  or  a  bed  of  sand  and  water.     It  was  found  that  during 
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these  three  years  the  frost  did  not  penetimte  1  fool  into  iho  gioond^ 
The  thermometer  at  that  depth  fell  to  33^  F.  on  the  30th  of  Dea 
1815,  and  remained  at  the  same  point  till  the  12th  of  Feb.  1816, 
but  in  the  ensuing  year  it  did  not  fall  below  34^. 

Here  is  a  summary  of  the  results  in  a  tabular  form : — 


Depth  of 
Thennometer.* 


1  foot 

2  feet 
4  feet 
8  feet 


Tempenkttm 
during  S  Tetn. 


»Fabr. 
58- 
66* 

61'5 


JTempenton 


33* 
48- 


daring  8  YeHi. 


«6- 
20- 
IS- 
O'S 


Leslie  also  states  that  in  the  neighbourhood  of  Edinburgh,  after 
a  long  tract  of  rigorous  weather,  the  frost  was  found  to  haye  pene- 
trated 13  inches  into  the  gronnd  in  a  ploughed  field,  but  only  8 
inches  in  one  piece  of  pasture  ground,  and  4  inches  in  another. 

Professor  J.  Forbes  of  Edinburgh  found  the  annual  range  of 
temperature  at  3  French  feet  (a  3*2  English  feet)  below  the  sur- 
face of  the  soil  to  vary  in  different  strata  as  fbllowsi  being  a  mean 
of  three  years : — 

o 

Inlaraptafa       17-41  Fshr. 

„  loose  sand     ..      .*     ..     19*d5 
„  compact  sandstone       ••     17*41 

{Brit.  Anoc.  Beport^  1840,  p.  73.) 

M.  Quetelet,  director  of  the  observatory  at  Brussels,  made  from 
1834  to  1839  some  observations  on  the  range  of  thermometers 
buried  in  the  ground  at  different  depths.  The  ranges  recorded  by 
him  as  found  at  Brussels  from  1834  to  1837  were :— • 

Depth  In  Enfi^iih  FteC  and  Indbei.  Amnul  Rn«  In 

Feet.lndiet.  0egwe»F»hr. 

0      n  28-90 

16  22-89 

2  6  20-48 

3  8  19^ 

6      5  18-66 

12    10        8-08 

25      7        2-08 

As  to  the  earth,  viewing  the  subject  geneiaUy»  diurnal  variik^ 
itions  of  temperature  are  considered  not  ^  to  extend  to  a  greater 
depth  than  about  3  feet,  and  annual  variationt  are  infcned  to 
cease  at  from  65  to  70  or  80  feet 

Some  valuable  results  axe  exhibited  in  the  Grxeenwich  Obser- 
Tations  for  1847  with  r^;ard  to  the  range  of  heat,  at  difierent 
distances  below  the  earth's  surface.  The  following  table  shows 
the  mean  monthly  reading  and  xomu  daily  nnge  of  two  theinKH 
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meters  whose  balbs  are  sunk,  one  at  the  depth  of  1  inch  beloir 
the  soil,  the  other  at  the  depth  of  3-2  feet  (being  3  French 
feet) : — 


January  .. 
Febniary 
March 
April 

May..  .. 
June 

July..  .. 
August  . . 
September 
October  .. 
November 
December 


ThemDometer  Bank  1  inch. 


Mean  Monthly 
Reading. 


87-9 
38  0 
42' S 
46*4 
56-7 
59  •« 
66-8 
63-9 
56-0 
53-7 
48-4 
44-0 


Mean  Dally 
Range. 


4' 
4" 
7' 
6' 
9' 
8' 
10' 
9' 
7' 
5- 
5' 
4 


Thennometer  sunk  3*2  feet 


Mean  Monthly 
Reading. 


39-3 
89 '6 
41-1 
44*4 
51-2 
67-2 
61 '"S 
62'3 
57'9 
54-7 
50-6 
46*4 


Mean  Dally 
Range. 


0-4 
0-8 
0'3 
0-3 
0-4 
0«4 
0-5 
0-4 
0«3 
0'3 
0*8 
0-8 


A  comparison  of  this  last  column,  where  the  average  daily 
range  is  reduced  to  less  than  half  a  degree,  with  the  column  of 
average  daily  range  of  temperature  of  the  air  in  the  shade,  as  o)b- 
served  at  Chiswick  (p.  10),  where  it  is  seen  to  be  generally  above 
20^,  will  give  some  idea  of  the  widely  diflFerent  conditions  of  the 
subsoil  and  the  surface  as  to  conditions  of  temperature. 

Josiah  Parkes,  in  his  observations  on  the  Red  Moss,  Lanca- 
shire, found  that  its  temperature  from  12  inches  beneath  the  sur- 
face, down  to  the  bottom,  was  uniformly  46°  F.  **  I  never,*^ 
says  he,  '^  found  any  variation  to  occur  in  the  results  afforded  by 
thermometers  placed  at  various  depths  during  nearly  three  years* 
observations,  except  in  the  winter  of  1836,  when  the  thermometer 
nearest  the  surface  sunk  to  44°  F.  for  a  few  days."  The  depth 
of  this  bog,  at  the  spot  where  the  observations  were  taken,  was 
nearly  30  feet,  and  there  were  no  springs  in  it.  {Enff,  Affricult, 
Journal,  vol.  v.  p.  140.) 

From  the  statements  given  it  is  evident  that  the  surface  of  the 
ground,  even  in  this  climate,  must  be  subject  to  a  range  of  tempe- 
rature of  which  the  recorded  observations  of  thermometers  hung 
in  the  usual  manner  give  little  conception.  A  comparison  of  the 
daily  readings  of  the  wet  bulb  thermometer,  with  those  of  one 
hung  in  the  sun  with  the  ball  blackened,  would  give  a  better  ideft 
of  the  daily  variation.  But  the  ground  at  a  foot  deep  in  this 
country  appears  to  be  scarcely  affected  by  frost,  unless  where  it 
has  been  loosened  up  by  the  plough  or  spade. 

The  action  of  frost  upon  the  raw  mineral  matter  constitoting 
newly  exposed  soil  is  of  the  utmost  importance.  This  mineral 
matter  consists  of  the  debris  of  the  various  rocks  which  are  found 
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in  the  country,  and  is  in  fact  an  aggregation  of  minute  crystals 
and  earthy  matter ;  in  each  pebble  and  fragment  of  undecom- 
posed  stone  these  crystals  are  interlaced  in  all  directions.  Bodies 
of  this  nature  exposed  to  the  air  and  moisture  absorb  water,  which 
enters  into  the  interstices  and  crevices  between  the  faces  of  these 
crystals,  or  into  the  pores  of  the  raw  clots  of  earth  ;  should  frost 
then  take  place,  this  contained  water  changes  into  ice,  and  in  so 
doing,  by  a  well-known  law,  expands  with  irresistible  force, 
shivering  the  substance  in  which  it  is  lodged  into  a  number  of 
particles,  which  number  is  measured  by  the  quantity  of  crevices 
or  pores  into  which  the  moisture  and  frost  have  penetrated :  so 
long  as  the  frost  lasts  these  particles  are  all  bound  together  by 
the  enveloping  ice,  but  immediately  when  thaw  comes  thej 
separate  and  fall  down  ;  then  the  lump  which  before  showed  but 
one  surface  to  the  air  has  now  a  multitude  of  surfaces,  and  the 
atmosphere  acts  upon  it  in  an  infinitely  multiplied  degree.  It 
will  be  shown  that  the  property  of  condensing  some  important 
gases  within  a  porous  body  is  in  proportion  to  the  extent  of 
superficies  that  the  gas  can  meet  with:  the  comminution  or 
crumbling  down  of  the  particles  of  the  soil  is  therefore,  even  in 
this  respect  alone,  an  important  feature ;  the  earthy  salts  of  the 
soil  are  also  thereby  more  extensively  exposed  to  the  action  of 
the  atmospheric  influences  in  bringing  about  beneficial  changes 
in  their  constitution.  The  practical  importance  of  this  is  well 
known  to  farmers,  who,  in  preparing  their  stubbles  for  the  next 
season's  crop  of  turnips,  or  such-like  roots,  always  endeavour  to 
get  as  great  a  breadth  of  land  well  turned  over  before  the  month 
of  December  as  they  possibly  can,  in  order  that  it  may  get  the 
full  benefit  of  the  winter's  frost. 

In  clear  keen  weather  during  the  winter  months,  when  th^ 
thermometer  in  the  shade  may  be  oscillating  between  30^  and 
40°,  the  skin  of  the  soil,  where  it  is  not  much  covered  with  snow, 
will  undergo  the  alternation  of  frost  and  thaw  almost  every  four- 
and-twenty  hours  ;  for  although  the  register  thermometer  may 
show  only  a  minimum  of  say  35°,  or  3°  above  freezing,  yet  froni 
the  effects  of  radiation  and  evaporation  the  soil  will  probably  fall 
during  the  night  to  at  least  30^,  or  2°  below  it ;  and  although  the 
maximum  air-temperature  in  the  shade  may  not  rise  above  the 
freezing  point  all  day,  yet  the  surface  of  the  ground,  exposed 
freely  to  the  efiect  of  any  sunshine  there  may  be,  will  rarely  be 
unaffected  by  thaw  to  a  greater  or  less  depth.  The  effect  of  a 
thin  covering  of  snow  will  be,  as  has  been  shown,  to  cause  in 
clear  still  nights  a  very  intense  degree  of  frost,  by  reason  of  radi- 
atioU)  even  when  the  thermometer  in  the  ,air  may  be  hovering 
about  32'^  F. :  the  more  intense  the  frost  the  deeper  it  will  pene- 
trate, and  the  greater  will  be  the  disintegration. 


420       Action  oftlie  Atmosphere  upon  mwhj^eepened  SoiL 

In  Siberia  ice  is  found  even  at  a  depth  of  from  300  to  400  feet. 
Some  experiments  by  M.  Middendorf,  as  reported  to  the  Aca^- 
demy  of  Sciences  at  St.  Petersburg  in  1844,  showed  that  in 
a  shaft  and  the  galleries  of  some  works  near  the  Lena,  at  a 
depth  of  384  English  feet,  the  frozen  crust  was  still  not  passed 
through,  though  a  gradual  increase  of  temperature  was  observed 
in  the  descent.  In  the  same  latitude  (62°  N.)  in  America  the 
frozen  ground  does  not  extend  beneath  26  feet. 

Another  eflPect  of  frost,  not  unworthy  of  notice,  may  be  ob- 
served frequently  in  gravelly  ground  that  is  not  much  exposed  to 
the  sun.  This  consists  in  the  skin  of  the  soil  being  elevated 
often  about  an  inch  or  a  couple  of  inches  on  the  top  of  a  set  of 
beautiful  little  pillars  of  ice.  As  sfbnes,  however,  beyond  the 
size  of  a  walnut  are  seldom  elevated  by  this  process,  the  result  is 
to  cause  these  larger  pieces  and  pebbles  to  sink  deeper  below  the 
surface. 

Even  in  summer  the  alternations  of  temperature  undergone  by 
soil  exposed  on  the  one  hand  to  a  full  sun-heat  through  the  day, 
and  on  the  other  to  the  rapid  cooling  by  radiation  during  still 
dear  nights,  when  it  will  be  often  at  the  freezing  point,  cannot  be 
without  some  eflFect 

We  now  proceed  to  consider  the  conditions  of  lifflit  to  which 
the  soil  is  subject,  and  the  effects  resulting  therefrom. 

The  light  of  the  solar  rays  may  be  considerably  enhanced  by 
reflection  from  the  clouds  under  favourable  circumstances.  This 
indirect  or  reflected  light  is  most  intense  when  thin  fleecy  clouds 
overspread  the  sky,  and  feeblest  when  it  is  covered  by  thick  va- 
pours, or  when  it  is  deeply  azure.  "  The  effect  of  the  reflected 
light  of  the  sky,"  says  Forbes,  "  is  always  exceedingly  intense ; 
so  much  so  as  to  give  rise  to  the  most  paradoxical  effects  with 
regard  to  the  intensity  of  solar  radiation  if  neglected.  Thus  I 
have  found  the  whole  effect  of  the  sun  and  sky  in  a  bright  April 
day  in  this  country,  when  many  white  clouds  were  present,  not 
very  inferior  to  that  of  the  most  piercing  sunshine  of  the  most 
sultry  day  of  the  south  of  Europe  unaccompanied  by*  a  single 
cloud.  M.  Kamtz  found  on  the  summit  of  the  Faulhom  that  the 
direct  solar  effect  on  Leslie's  photometer  was  equalled  and  often 
exceeded  by  that  of  the  diffuse  atmospheric  influence."  {firit. 
Assoc,  Report,  1840,  p.  62.)  The  amount  of  light,  being  lessened 
by  the  obliquity  with  which  the  sun's  rays  fall  upon  the  surface 
•of  the  ground,  will  consequently  vary  with  the  altitude  of  the  sun, 
and  with  the  hour  and  season.  The  rays  of  light  like  those  of 
heat  suffer  diminution  in  passing  through  our  atmosphere,  and 
Leslie  computed  this  loss  at  one-fourth  upon  a  beam  darted  to  the 
«arth  under  the  most  favourable  circumstances.  Hence  the 
thinner  the  strata  of  the  atmosphere  the  stronger  should  be  the 
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light,  and  consequently  on  the  tops  of  high  bills  the  celestial 
luminaries  are  seen  to  shine  with  a  lustre  unknown  to  the  inhabit- 
ants of  the  plains  ;  and  I  recollect  receiving  a  description  of  the 
wonderful  brightness  presented  by  the  morning  star  from  one  who 
had  viewed  it  from  the  summit  of  one  of  the  loftiest  peaks  in 
Spain.  This  diminution  of  the  light  is  referred  by  Clausius  to 
multitudes  of  fine  vesicles  of  water,  which  even  in  serene  weather 
float  in  the  air  and  produce  reflection. 

Seeing  that,  with  the  exception  of  some  observations  and  expe- 
riments by  Petit  and  Scheele,  little  had  been  done  towards  the 
investigation  of  the  chemical  action  of  the  solar  radiations  until 
the  present  century, , we  cannot  but  suppose  that  we  are  only  yet 
beginning  to  be  acquainted  with  their  peculiar  influence,  and  our 
present  knowledge  of  the  changes  induced  by  them  is  confessedly 
very  imperfect. 

The  attention  however  of  some  of  the  ablest  philosophers  and 
chemists  of  the  day  is  at  present  keenly  directed  to  the  subject, 
and  additions  to  our  knowledge  are  continually  dropping  in. 
What  has  been  done  does  not  bear  very  decidedly  upon  the  sub- 
ject of  the  present  paper,  but  is  still  worthy  of  attention.  Ritter 
of  Jena,  in  1801,  demonstrated  the  existence  of  rays  beyond  the 
spectrum  which  have  no  luminous  power,  but  exhibit  very  active 
chemical  agencies,  and  he  inferred  the  existence  of  two  sets  of 
invisible  rays,  the  least  refrangible  favouring  oxygenation,  whilst 
the  most  refrangible  deoxidise,  and  later  observers  have  con- 
firmed his  results.  It  was  generally  supposed  that  the  chemical 
agency  was  confined  more  particularly  to  the  blue  and  violet 
rays.  To  show  the  disproportion  which  exists  in  this  respect 
between  the  energies  of  diffCTent  rays,  Berard  "  concentrated  by 
means  of  a  lens  all  that  part  of  the  spectrum  which  extends  from 
the  green  to  the  extreme  violet,  and  he  concentrated  by  means  of 
another  lens  all  that  portion  which  extends  from  the  green  to  the 
extremity  of  the  red.  This  last  pencil  formed  a  white  point  so 
brilliant  that  the  eyes  were  scarcely  able  to  endure  it ;  yet  the 
muriate  of  silver  (a  salt  highly  susceptible  to  the  action  of  light) 
remained  exposed  more  than  two  hours  to  this  brilliant  point  of 
light  without  undergoing  any  sensible  alteration.  On  the  con- 
trary, when  exposed  to  the  other  pencil,  which  was  much  less 
bright  and  less  hot,  it  was  blackened  in  less  than  six  minutes.'^ 
{^Ann.  de  Chim.^  vol.  Ixxxv.  p.  309.) 

Chemical  action  has  however  been  traced  to  every  part  of  the 
prismatic  spectrum,  although  the  least  luminous  seem  mos 
powerfully  to  affect  inorganic  bodies. 

The  heating  agency  may,  in  like  manner,  be  separated  from  the 
luminous.  Melloni,  writing  in  1835,  says  the  rays  can  be  passed 
through  certaui  media  ^^  which  absorb  the  whole  of  the  calorific. 
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while  they  extinguish  but  a  part  of  the  lumincww  rayi.  The  ooly 
substances  hitherto  employed  by  me  are  water  ami  a  peculiar 
species  of  green  glass  coloured  by  means  of  the  oxide  of  copper. 
The  pure  light  rmerging  from  this  system  contains  much  yellow, 
and  possesses  at  'he  same  time  a  tinge  of  bluish  green  ;t^  iwAiWf 
no  calorific  action  capable  of  being  rendered  percepUble  by  the 
most  delicate  thermoscopes,  even  when  it  is  so  concCTtrated  1^^ 
lenses  as  to  rival  the  direct  rays  of  the  sun  in  bnllianqr. 
{Scientific  Memmrs^  i.  392.)  This  result  ha.  been  lately 
called  in  question  by -»«*««  Powell,  without,  however  his 
adducing  any  experiments  to  t&fi  contrary.  It  will  be  seen,  there- 
fore, how  the  different  actions  >rf  t^e  solv  radiations  can  be 
detached  from  each  other.  Thus  IP  ^  considerable  extent  tbe 
calorific  lays  can  be  separated  from  tftP  l«^"Jo«»»  "^  ^^  *'™^ 
ous  from  what  has  been  termed  the  cli\™^cal. 

Becquerel,  however,  seems  to  view  thf  phenomena  in  a  more 
philosophical  manner.     Extending  Fresile^  •  hypothesis,  that  the 
chemical  effects  produced  by  the  influencXol  light  are  owmg  to 
a  mechanical  action  exerted  by  the  molef^*«  ^^  «*^®^  ^^  ™ 
atoms  of  bodies,  so  as  to  cause  them  to  alP^°™®  ^f"^.  *^    f  fK. 
equilibrium  dependent  on  the  nature  and  o\*"®  velocity  ot  the 
vibrations  to   which   they   are  subjected,  h\  ^J*   ^^  might  be 
simpler  to  suppose :  That  a  pencil  of  solar  rayl?  ^  the  union  of  as 
infinite  number  of  rays  of  different  refrangibilir^»  ®*f "  ™^^T^"'uf 
from  undulations  of  ether  not  having  the  same  ^el<>city.      1  nat  by 
refracting  a  pencil  of  solar  rays  through  a  pr|J*°?  ^^  nave  the 
solar  spectrum,  which  possesses  different  propw^f?  ^^  account 
of  its  different  action  on  external  bodies.     Thai  ^^  ^«  ^^'Til^ 
the  retina  as  an  organ  which  perceives  the  vM~**^®'^  ^f    . 
ether,  it  is  only  sensible  to  rays  contained  bet weiF  ^^^"° . "*? 
of  refrangibility,  and  the  active  rays  form  a  speclT*™*  ^^*^'*  *" 
this  case  is  found  to  be  the  luminous  spectrum,     ^^m^v^^,^?!^  ?* 
to  say,  "  according  to  this  hypothesis  we  shall  brinS[^^     *i. 
effects  produced  under  the  influence  of  light  to  the  ^v"*"       *"* 
same  radiation  upon  different  bodies,  and  there  will  »r®  ?jj  ^oaanj 
spectra  as  there  are  sensible  substances.'*     (ScientiJpW  -"''^'^^^^^ 
iii.  556-7.)  \ 

Professor  Moser  of  Konigsberg  has,  however,  *^^t«PP^  , 
show  that  no  chemical  decomposition  is  effected  by  lighlfc^y^_,^ 
thinks  he  can  establish  the  following  propositions : — "  ^^JiVwm 
necessary  to  suppose — and  in  those  phenomena  which  havlfj|™ 
best  observed,  it  certainly  is  not  the  case — that  light  pi*oddK?^^^ 
separation  of  chemically  combined  bodies.  The  action  of  ^^ 
is  of  such  a  kind  that  it  may  be  imitated  in  a  perfectly  dif 
manner,  so  that  the  idea  of  a  chemical  decomposition  is  fu3 
refuted.     Even  the   most  continued  action  of  light  appears 
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affect  only  the  finest  surface  of  bodies,  and  by  no  means  to  pene- 
trate the  usually  so  extremely  thin  layer  of  imilide  of  silver." 

He  shows  that  there  is  a  condition  of  iodide  ^f  silver  in  which 
•  all  the  colours  exert  an  influence  upon  it  Thi  blackened  state, 
which  results  from  the  action  of  light  upon  io('-ie  of  silver,  is  a 
composition  not  understood,  but  he  considers  it  highly  probable, 
if  not  fully  proved,  from  a  number  of  facts,  that  light  produces 
no  decomposition  of  iodide  of  silver.  {Scientific  Memoirs^  iii. 
423.)    Some  of  Moser's  conclusions  have  however  been  disputed. 

That  light,  however,  does  exert  a  decided  influence,  which  may 
be  termed  chemical,  on  many  bodies,  appears  from  a  number  of 
well-ascertained  facts.  Mr.  Hunt,  in  the  Report  of  the  British 
Association  for  1850,  has  collected  a  long  list  of  those  bodies 
which  have  been  observed  to  be  more  or  less  susceptible  of 
chemical  change  under  the  influence  of  the  solar  radiations, 
embracing  various  salts  and  compounds  of  silver,  gold,  platinum, 
mercury,  iron,  copper,  manganese,  lead,  tin,  and  other  less  fre- 
quent metals ;  also  combinations  of  phosphorus  and  ammonia, 
chlorine  and  hydrogen,  nitric  acid,  and  many  resinous  bodies, 
upon  which  he  remarks  as  follows : — "  From  the  extensive  list 
which  has  been  given  it  will  be  seen  that  the  action  of  the  solar 
radiations — so  far  from  being  confined,  as  it  was  formerly  thought 
to  be,  to  a  few  peculiar  chemical  compounds,  which,  existing  in 
a  state  of  exceedingly  nice  equilibrium,  were  liable  to  have 
their  affinity  disturbed  by  the  operation  of  any  external  force — is 
so  extensive  that  scarcely  any  body  in  nature,  organic  or  inorganic, 
is  independent  of  the  solar  influences,  although  their  scales  of 
sensibility  to  them  are  widely  different."  A  somewhat  contrary 
verdict  this  to  Moser's. 

Gay  Lussac  and  Thenard  observed  that  hydrogen  and  chlorine 
combine  so  rapidly  in  sunshine  as  sometimes  to  explode,  although 
they  do  not  unite  at  all  in  the  dark,  and  only  slowly  in  diffused 
lii^ht;  and  Dr.  Draper,  of  New  York,  has  stated  the  remarkable 
fact  that  chlorine  which  has  been  exposed  to  daylight  or  sun* 
shine  possesses  qualities  which  are  not  found  in  chlorine  made 
and  kept  in  the  dark. 

The  investigations  of  Dr.  Daubeny  and  others  have  shown 
that  the  decomposition  of  carbonic  acid  by  plants  goes  on  with 
greatest  rapidity  under  the  influence  of  the  most  luminous  rays, 
being  most  remarkable  in  the  yellow  ;  and  Lindley  states  that  the 
action  of  light  upon  cuttings  of  plants  is  little  inferior  to  that  of 
heat,  while  the  important  influence  of  the  same  agency  on  vital 
power  is  acknowledged  on  all  hands. 

With  regard  to  the  phenomena  of  phosphorescence  induced  by 
sunlight,  Becquerel  is  of  opinion  that  everything  seems  to  prove 
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that   its  origin   is   electric,  and  that   electrical   manifestations 
appear  to  be  quicl^ned  by  the  least  luminous  rays. 

Dr.  George  Wipson  ascertained  that  in  darkness  dry  chlorine 
may  be  kept  fcH^  three  years  in  contact  with  colours  without 
bleaching  them,  but  that  a  few  weeks  sufficed  to  produce  that 
effect  in  sunlight.  The  following  are  some  of  his  results  with 
other  gases : — 

Sulphuretted  hydrogen,,  if  made  dry,  and  kept  in  darkness,  does 
not  bleach,  but  recovers  its  bleaching  power  with  the  assistance 
of  sunlight,  and  acts  also  readily  if  moist. 

Oxygen  was  found  to  be  similarly  affected,  and  also,  in  a  fainter 
degree,  carbonic  acid. 

Nitrogen  exerts  a  faint  bleaching  action  under  exposure  to 
sunlight,  although  it  has  no  appreciable  power  in  the  dark, 
whether  moist  or  dry.     {Brit.  Assoc,  Report^  1851,  p.  65.) 

Some  of  these  gases  are  present  in  the  soil  in  large  quantity, 
and  the  atmosphere  is  composed  almost  entirely  of  the  last  three; 
the  above  would  show  that  under  sunlight  they  act  with  an 
energy  unknown  in  its  absence ;  can  the  conclusion  therefore  be 
avoided  that,  although  we  are  yet  in  a  great  measure  ignorant,  of 
the  precise  influence  it  exerts,  light  doubtless  affects  in  various 
ways  the  mutual  action  of  the  atmosphere  and  the  soil,  and  that 
earth  long  buried,  on  being  turned  up  to  the  surface,  is  exposed 
to  a  number  of  new  forces  tending  to  make  its  particles  enter 
into  fresh  arrangements,  and  that  among  these  light  is  not  the 
least  prominent  in  its  effects? 

Having  considered  the  action  derived  from  the  sunbeams  upon 
the  soil,  we  have  now  to  investigate  the  influence  exerted  upon 
it  by  the  constituents  of  the  atmosphere ;  before  this  can  be  done 
it  must  be  shown  what  these  constituents  are.  The  great  mass 
of  the  air  is  composed  mainly  of  the  two  gases,  oxygen  and 
nitrogen,  supposed  to  be  not  chemically  combined  but  in  a 
state  of  mechanical  mixture.  Its  composition  was  discovered 
about  the  same  time  by  Scheele  and  Lavoisier,  and  the  researches 
of  modern  chemistry  show  that  the  relative  proportions  of  these 
gases  are  as  follows  : — 

100  measures  of  atmospheric  air  consist  of — 

Oxygen         20  or  21  volumes. 

Nitrogen        80  or  70      „ 

M.  Dumas,  from  recent  careful  analyses  of  air,  has  obtained 
the  following  results  : — 

Air  by  Weight.       Air  by  Volume. 

Oxygen     23-10  20*90 

Nitrogen 76*90  79*10 

100*00  100-00 
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The  atmosphere  also  seems  always  to  contain  a  variable  but 
small  proportion  of  carbonic  acid.  The  proportions  of  this  in- 
gredient in  10,000  volumes  of  air  have  been  found  to  be,  by 

Volumefl. 

Dalton         6-8 

Saussure,  maximum  ..      ..     5*74  )  v^^ -inA    x.         *.-       l^ 

'  j^Qg^^  4.^5   I  From  104:  observations  taken  near 

"         *«;,.;«,™   "      "     Q.iQ   I       Geneva. 
„         mmimum  ..      ..     o'lo  j 

Thenard       ..      3-91 

Boussingault  and  Levy      ..     3*253    At  Paris  in  October. 

„  ..     2-989    At  Arndilly,  16  miles  from  Paris,  » 

Saussure's  investigations  were  continued  for  two  years,  and  he 
states  that  the  proportion  of  carbonic  acid  varies  at  the  same 
place  within  short  intervals  of  time,  is  greater  in  summer  than 
in  winter,  and  more  abundant  in  the  night  than  in  the  day. 
Saussure  also  found  that  a  continuance  of  heavy  rains  diminished 
the  quantity  of  carbonic  acid  in  the  air  by  dissolving  or  carrying 
down  part  of  it  to  the  ground.  When  the  soil  is  soaked  with 
water  it  has  the  power  of  imbibing  this  gas,  and  its  greater 
abundance  in  the  air  in  frosty  weather  has  been  thought  owing 
to  the  effect  of  the  frost  in  keeping  the  air  and  soil  dry.  It  has 
been  found  more  plentiful  in  elevated  situations  and  on  moun« 
tain  tops  than  in  the  lower  grounds ;  wind  having  a  tendency  to 
augment  it  in  those  localities. 

Another  substance  apparently  always  present,  but  in  still 
smaller  proportion,  is  ammonia.  The  quantity  is  so  minute  that 
its  presence  cannot  be  recognised  in  any  given  quantity  of  air, 
but  Liebig  showed  that  it  could  be  detected  by  looking  for  it  in 
rain-water,  which  carries  down  the  ammonia  in  its  passage 
tlirough  the  air,  and  according  to  his  own  experiments  invariably 
contains  it,  the  form  being  that  of  a  carbonate.  The  quantity  is 
greatest  in  the  first  shower  after  a  continuance  of  dry  weather,  and 
least  after  a  succession  of  rains.  Its  amount  probably  varies  in 
different  places  and  at  different  times,  and  from  the  researches  of 
Barral  and  Boussingault  it  would  appear  to  occur  more  abund- 
antly in  the  atmosphere  surrounding  cities. 

Another  atmospheric  ingredient  is  nitric  acid.  Cavendish  had 
observed  that  by  passing  electric  sparks  through  moist  air  its 
volume  was  diminished,  and  an  acid  soluble  in  water  was  at  the 
same  time  produced.  He  also  established  the  fact  that  the  oxygen 
and  nitrogen  of  the  air  unite  to  form  nitric  acid  when  acted  upon  by 
electricity.  Henry  also  noticed  that  anunonia  mixed  with  oxygen 
is  by  the  same  agency  converted  into  nitric  acid. 

Recent  observations  tend  to  prove  that  the  quantity  of  nitrogen 
in  the  nitric  acid  of  the  air  exceeds  that  contained  in  the  form 
of  ammonia — it  would  seem  then  that  a  direct  oxidation  of  the 
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nitrogen  must  take  place.  Liebig  however,  though  attribatiDg 
considerable  importance  to  the  ammonia  of  the  air  as  a  soorct 
of  nitrogen,  considers  that  the  nitric  acid  furnished  to  the  earth 
in  Europe  by  rains  is  so  extremely  small  in  amount  that  its 
influence  cannot  be  considered  as  a  source  of  nitrogen  to  plants. 
Chevallier  noticed  in  the  air  at  Paris  ammonia  and  organic 
matters,  and  in  London  sulphurous  acid.  Boussingault  and 
others  add  a  small  proportion  of  carburetted  hydrogen. 

The  following  constitution  has  been  assigned  to  10,000  volames 
of  dry  air  :-— 

Nitrogen        7,914 

Oxygen 2,062 

Carbonic  acid        4 

Carburetted  hydrogen  ..      ..  a  trace. 

Ammonia      a  trace. 

10,000 

Sulphuretted  hydrogen  and  phosphuretted  hydrogen  are  also 
pretty  generally  present,  but  in  infinitesimal  proportions,  appa- 
rently derived  from  the  decomposition  of  animal  and  vegetable 
matter. 

Dr.  Witting,  of  Hoxter  on  the  Weser,  remarked  that  the 
atmosphere  of  a  place  contained  in  general  the  same  foreign 
ingredients  which  the  first  fall  of  rain  brings  to  the  ground ; 
such,  for  example,  as  traces  of  muriates,  of  free  moriatic  and 
carbonic  acids,  and  of  carburetted  hydrogen  gas.  Rain  which 
fell  during  a  N.W.  wind  commonly  contained  much  carbonic, 
t(^ether  with  traces  of  phosphoric,  acid.  The  latter  was  dis- 
covered on  several  occasions  in  rain  which  had  fallen  during 
particular  states  of  the  weather ;  and  Dr.  Witting  also  states  that 
certain  plants  exhale  it,  so  that,  when  they  are  confined  under 
glass,  traces  of  this  acid  may  be  detected  on  the  internal  surface 
of  the  latter.     (Quoted  by  Daubeny,  Brit,  Assoc.  Report^  1836, 

P'2-)  .... 

With  reference  to  the  above,  it  might  be  interesting  to  inquire 

to  what  extent  the  soil  in  the  neighbourhood  of  large  towns  is 

enriched  by  the  many  ingredients  that  are  found  in  the  air  over 

them.     Thus,  Dr.  R.  A.  Smith,  of  Manchester,  in  his  papers  on 

the  air  and  water  of  towns,  speaking  of  rain,  says,  *^  Collected  in 

a  town,  we  know  it  to  be  a  nauseous  and  black  liquid ;  and  when 

we  go  a  mile  from   a   town  it  is  no  less   nauseous,  althoagh 

it  loses  its  blackness.    This  would  show  that  the  black  soot  from 

chimneys  is  deposited  very  near  a  town,  although  the  soluble 

substances  are  carried  farther.     Even  many  miles  round  a  town 

the  rain  is  unfit  for  use,  without  being  passed  through  purifying 

materials.     I  have  tried  it  as  far  as  ten  miles  from  Manchester ; 

and  it  is  probable  that  it  is  nowhere  free  from  objection,  as  it 


Action  of  the  Atmotphere  upon  mewhf-d^epened  SoiL       427 

has  been  found  necessarj  ta  take  means  to  render  it  palatable 
even  in  agricultural  districts." 

Mr.  Lawes  has  found  at  Rothamsted,  20  miles  from  Londim, 
that  when  the  wind  came  from  that  metropolis  it  contained  sooty 
particles.  As  soot  is  known  to  contain  ammonia,  it  may  there- 
fore be  to  some  extent  a  source  of  that  ingredient  in  the  at- 
mosphere. 

But  it  must  not  be  supposed  that  we  are  thoroughly  acquainted 
with  all  the  constituents  of  the  air,  for  the  means  at  present 
possessed  for  determining  them  are  insufficient  to  detect  very 
minute  quantities  of  matter.  This  is  evident  from  the  fact  that  the 
miasms  of  marshes  owe  their  noxious  qualities  to  some  ingredient 
of  a  nature  too  subtle  to  be  detected  by  the  present  chemical 
analysis  ;  and  Seguin,  in  examining  the  infectious  atmosphere  of 
an  hospital  whose  odour  was  almost  intolerable,  could  discover 
no  appreciable  peculiarity  in  its  composition.  A  variable 
amount  of  watery  vapour  is  always  diffused  through  the  atmos- 
phere :  its  absolute  quantity  is  usually  greatest  in  summer  on  ac- 
count of  the  temperature  being  higher ;  but  the  dryness  of  the 
air  depends  less  upon  the  absolute  quantity  of  vapour  that  may 
be  present  than  on  its  condition  as  to  saturation.  The  warmer 
the  air  is,  the  more  water  will  it  contain  ;  hence  the  atmosphere  is 
moister  during  summer  than  in  winter,  although  the  absolute 
quantity  of  sensible  vapour  in  it  may  be  much  less  ;  but  few  data 
exist  as  to  the  amount  of  this  ingredient  in  the  air.  According 
to  Dr.  Anderson,  of  Glasgow,  1000  volumes  of  air  contain  on  an 
average  about  8  volumes  of  watery  vapour.  Amongst  the  con- 
stituents of  the  atmosphere  may  also  be  enumerated  the  substance 
termed  ozone,  which  has  of  late  years  been  brought  under  notice 
by  Dr.  Schonbein,  of  Basle,  and  which  would  appear  to  be  very 
frequently  present.  1  races  of  iodine  have  also  been  found  by 
Chatin  to  exist  in  the  atmosphere. 

The  properties  of  these  different  ingredients  of  the  atmosphere, 
and  their  actions,  chiefly  in  so  far  as  they  are  related  to  the 
subject  of  this  paper,  may  now  be  touched  upon. 

Oxygen^  Ozone, — These  two  substances  are  taken  together,  as 
their  action  is  probably  similar,  differing  mainly  in  degree.  The 
chief  chemical  properties  of  the  air  are  perhaps  due  to  the  presence 
of  this  element  (which  is  a  transparent  colourless  gas  somewhat 
heavier  than  common  air),  the  greater  part  of  the  changes  which 
the  mineral  and  organic  matter  of  the  soil  undergo  proceeding 
from  its  numerous  and  powerful  affinities.  For  most  simple 
bodies  it  has  a  very  strong  attraction,  cmnbining  with  all  the 
elementary  bodies  save  perhaps  fluorine.  The  act  of  combining 
with  it  is  called  oxidation ;  this  may  take  place  very  rapidly  * 
with  the  evolution  of  heat  and  light,  giving  rise  to  the  pheno- 
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mena  of  combustion,  or  it  may  occur  slowly  without  sensible 
light  and  heat,  as  in  the  rusting  of  iron  and  the  gradual  oxidation 
and  decay  of  organic  matters,  whether  animal  or  vegetable, 
which  are  thus  resolved  into  forms  of  combination  suitable  for  the 
food  of  plants. 

As  gradual  oxidation  is  but  a  sort  of  slow  combustion,  there  is 
probably  also  a  small  but  continual  evolution  of  heat  during  the 
process,  the  totality  of  which  is  'equal  to  that  resulting  from 
rapid  combustion,  just  as  it  is  found  that  the  same  amount  of 
heat  is  required  to  cause  water  to  pass  into  the  state  of  vapour, 
whether  this  takes  place  by  rapid  ebullition  or  by  insensible 
evaporation.  The  oxidation,  therefore,  of  the  matters  of  the  soil, 
especially  where  it  contains  much  organic  substances,  may  not 
be  without  some  beneficial  effect,  on  the  temperature  of  the 
ground. 

Oxygen  is  the  most  abundant  and  important  of  the  elementajy 
bodies,  8-9ths  of  the  water  of  the  globe  being  composed  of  it, 
and  about  l-5th  of  the  air,  besides  a  large  amount  of  all  the  rocks, 
earths,  and  animal  and  vegetable  substances.  It  is  indispensable 
to  the  existence  of  all  animated  nature,  and  to  the  decay  of  dead 
organic  matter.  100  cubic  inches  of  water,  from  which  the  air 
has  been  expelled  by  boiling,  dissolve,  according  to  Henry,  3'55 
cubic  inches  of  oxygen.  According  to  Anderson  it  is  found  in 
plants  in  quantities  ranging  from  30  to  36  per  cent. 

So  strong  is  the  affinity  of  oxygen  for  organic  matter  in  a  state 
of  putrefaction,  that  the  latter  is  one  of  the  most  powerful  deoxi- 
dizing agents  known ;  so  much  so  as  to  be  capable  of  reducing 
even  sulphate  of  lime  in  the  state  of  gypsum,  and  of  converting 
sulphate  of  iron  into  sulphuret  of  that  metal ;  and  in  the  neigh- 
bourhood of  iron  exposed  in  these  conditions  oi^anic  matters  are 
frequently  found  coated  or  penetrated  with  crystals  of  common 
pyrites,  or  bisulphuret  of  iron,  the  oxygen  going  to  form  carbonic 
acid  and  sulphuric  acid,  while  from  solutions  of  gypsum  carbonate 
of  lime  is  a  resulting  product.  It  will  afterwards  be  shown  that 
water  and  dew  are  powerful  oxidising  agents,  from  the  large 
amount  of  oxygen  they  hold  within  them. 

Ozone  is  the  name  given  by  Dr.  Schonbein,  of  Basle,  on  ac- 
count of  its  pungent  smell,  to  a  substance  produced  by  passing 
electricity  through  dry  oxygen,  or  when  water  is  decomposed  by 
the  galvanic  current.  Its  odour  is  similar  to  what  is  sometimes 
perceived  in  thunderstorms ;  and  as  electricity  may  be  shown  to 
be  more  or  less  generally  present  in  the  air,  it  is  supposed  that 
ozone  is  very  frequently  developed.  Faraday  found  at  Brighton 
that  the  pure  air  from  the  ocean  abounds  with  it ;  and  Schonbein 
met  with  it  plentifully  during  a  storm  on  the  Jura.  Its  compo- 
sition is  not  as  yet  clearly  imderstood,  and  it  has  been  thought 
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that  there  may  be  more  than  one  componnd  included  under  the 
name.  It  contains  at  any  rate  oxygen  in  large  quantity,  if  in* 
deed  it  is  not,  as  Faraday  has  hinted,  merely  that  element  ren- 
dered more  energetic  in  its  action.  Schonbein  himself  regards  it 
as  a  combination  of  oxygen  and  hydrogen.  Its  action  appears  to 
be  that  of  rapid  oxidation,  changing  protosalts  into  persalts, 
sulphurets  into  sulphates,  nitrous  acid  into  nitric  acid,  and  so  on : 
it  acts  most  powerfully  upon  metallic  bodies,  and  destroys  organic 
substances  even  when  diluted  with  much  air  or  oxygen,  and 
bleaches  vegetable  colours  like  chlorine.  Uniting  readily  with 
foetid  gases,  it  has  a  most  beneficial  effect  in  purifying  the  air, 
and  it  is  accordingly  supposed  that  this  property  of  thunder- 
storms can  be  accounted  for  by  its  production  during  their  con- 
tinuance. In  some  large  towns,  such  as  London  and  Manchester, 
it  has  not  been  met  with  ;  but  as  its  presence  in  the  atmosphere 
would  appear  to  be  pretty  general,  its  action  on  the  soil  should 
not  be  overlooked. 

Nitrofjen. — The  uses  of  the  nitrogen  of  the  atmosphere  are  not 
well  understood;  it  has  been  thought  to  act  chiefly  as  a  diluent 
of  tlie  oxygen.  It  is  a  transparent  colourless  gas,  rather  lighter 
than  common  air,  and  is  distinguished  more  by  its  negative  pro- 
perties than  by  any  striking  quality  of  its  own :  its  compounds 
are  generally  easily  decomposed.  It  is,  however,  an  important 
and  necessary  ingredient  in  organic  bodies,  and  is  found  in  plants 
to  the  extent  of  from  1  to  4  per  cent.,  and,  in  union  with 
hydrogen,  it  forms  the  important  compound  ammonia,  and  it  is 
chiefly  through  this  medium  that  it  has  been  thought  to  enter 
into  the  structure  of  plants.  It  occurs  but  very  sparingly  in 
the  minerals  of  the  soil,  and  hence  the  necessity  of  supplying  it 
in  manure :  100  cubic  inches  of  boiled  water  absorb,  according 
to  Dalton  and  Henry,  1'56  cubic  inches  of  nitrogen. 

Carbonic  Acid  is  not,  like  the  two  former,  an  elementary  or 
simple  substance,  but  is  a  combination  of  carbon  and  oxygen. 
Forming  but  a  small  proportion  of  the  atmosphere  compared  with 
the  nitrogen  and  oxygen,  its  relations  to  plants  are  yet  most  im- 
portant, and  the  action  of  the  air  upon  the  soil  is  lai^ely  depen- 
dent upon  it.  Nearly  50  per  cent,  of  the  dry  substance  of  plants 
consists  of  carbon  ;  and  as  this  is  supposed  to  be  derived  from  the 
carbonic  acid  which  they  absorb,  we  may  look  upon  the  latter  as 
the  most  important  food  of  vegetables.  The  carbon  of  animals  is 
also  derived  from  the  same  source.  This  gas  is-afosorbe<i  by  water 
fo  an  extent  proportionable  to  the  pressure,  the  water  taking  up 
about  its  own  volume ;  if  the  pressure,  therefore,  is  great,  a  very 
large  quantity  of  the  gas  will  be  held  in  solation,  as  is  seen  in 
champagne  and  other  effervescing  liquors.  The  addition  of  a  little 
carbonate  of  soda  will  make  the  water  absorb  a  still  greater  amount 
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of  carbonic  acid,  and  the  combination  of  this  with  high  pressure,' 
as  in  the  case  of  soda-water,  will  cause  a  very  highly  charged 
solution  of  the  gas.  Carbonic  acid  is  a  transparent  gaseous  sub- 
stance, considerably  heavier  tlian  common  air,  and,  as  its  name 
implies,  is  possessed  of  acid  properties,  entering  into  combination 
with  bases  to  form  salts,  which  are  termed  carbonates ;  as  it  is, 
however,  but  a  feeble  acid,  its  salts  are  generally  decomposed  in 
the  presence  of  other  free  acids,  with  effervescence :  the  acid  also 
may  be  driven  off  by  heat,  which,  however,  sometimes  requires  to 
be  very  intense.  The  carbonates  are  more  or  less  soluble  in 
water,  many  of  them,  however,  but  very  sparingly  so ;  but  when 
the  water  contains  an  excess  of  carbonic  acid,  its  solvent  power 
is  thereby  much  increased.  Carbonic  acid  is  capable  of  being 
liquefied  under  great  pressure,  and  may  even  be  reduced  to  the 
solid  form.  It  dilates  remarkably  by  heat,  its  expansion  being 
more  than  four  times  that  of  air.  It  is  formed  abundantly  by 
the  decay  of  dead  organic  matter,  the  carbonaceous  substances 
of  the  soil  uniting  with  oxygen  and  thereby  giving  rise  to  it 
in  considerable  quantity.  It  is  found  also,  to  a  greater  or  less 
extent,  in  all  springs,  and  indeed  in  all  natural  waters.  Through 
its  solvent  powers  it  is  that  the  mineral  matters  of  the  soil  are 
brought  into  forms  fit  for  being  taken  up  by  the  rootlets  of 
plants.  Speaking  of  the  mineral  ingredients  of  the  soil,  Daubeny 
says,  "  All  that  which  water  impregnated  with  carbonic  acid 
fails  in  dissolving  ought  to  be  regarded  as  at  present  contri- 
buting nothing  to  the  food  of  a  plant,  although  it  may  ultimately 
become  available  for  its  purposes."  (-fi'w.  Aaricult.  Joum, 
VII.  237.) 

Dr.  Struve,  of  Dresden,  stated  that  he  extracted  alkali  from 
granite  by  merely  filling  a  tall  vessel  with  fragments  of  the  stcme, 
pouring  upon  it  distilled  water,  and  suffering  a  stream  of  carbonic 
acid  gas  to  bubble  slowly  through  the  materials. 

Some  interesting  experiments  were  made  by  Professors  W.  B. 
Rogors  and  R.  E.  Rogers,  of  Virginia.  Referring  to  the  prolonged 
digestion  of  minerals  in  water,  and  carbonic  acid  water,  at  the 
ordinary  temperature  of  GO*',  they  gave  results  obtained  with  horn* 
blende,  cpidote,  chlorite,  mesotype,  &c.  (minerals  which  often 
largely  enter  into  the  composition  of  the  soil),  showing  that  the 
amount  of  solid  matter  dissolved  by  the  carbonated  water  in  many 
cases  is  quite  sufficient  for  a  qualitative  analysis,  even  when  the 
digestion  has  only  been  continued  for  48  hours;  when  further 
prolonjred  they  have  procured  from  the  liquid  a  quantity  of  lime; 
magnesia,  oxide  of  iron,  alumina,  silica,  and  alkali,  the  dissolved 
ingredients  of  these  minerals  amounting  sometimes  to  nearly  I  per 
cent,  of  the  whole  mass.  Their  experiments  further  demonstrate 
that  in  water  impregnated  with  carbonic  acid,  carbonate  of  mag-» 
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nesia  is  much  more  soluble  than  carbonate  of  lime.  Another  fact 
of  some  interest,  also  noticed  in  their  experiments,  was  the  com- 
parative readiness  with  which  the  magnesian  and  calcareo-magne- 
sian  silicates  yield  to  the  decomposing  and  dissolving  action  of 
carbonated  water  and  even  simple  water,  thus  explaining  the  rapid 
decomposition  of  most  rocks  composed  of  hornblende,  epidote, 
&c.,  without  calling  in  the  agency  of  an  alkali ;  enabling  us  also 
to  trace  the  process  by  which  plants  are  furnished  with  the  lime 
and  magnesia  they  require  from  soils  containing  these  silicates, 
without  having  recourse  to  any  mysterious  decomposing  power  of 
the  roots  of  the  growing  vegetables.     {Brit.  Assoc.  Report^  1849, 

Bischof  has  also  remarked,  that,  although  long-continued  boiling 
in  water  will  separate  the  alkali  from  a  mass  of  volcanic  tuff^  the 
process  is  facilitated  by  the  presence  of  carbonic  acid,  so  that  he 
conceives  the  disintegration  of  felspathic  rocks  to  be  brought 
about  by  water  impregnated  with  that  ingredient. 

Professor  Bunsen,  of  Marbourg,  experimenting  upon  the  Pala- 
gonitc  tuff  of  Iceland,  of  which  the  following  is  the  copiposi- 
tion — 

Silica 37-947 

Scsquioxide  of  iron     ,.      ..     14'751 

Alumina      11-619 

Lime 8*442 

Magnesia      5*813. 

Potash 0-659 

Socla     0-628 

Water 16-621 

Kesidue        4*108 

— found  that  under  the  action  of  water,  at  212'  F.,  silicic  acid^ 
potash,  and  soda  were  dissolved  ;  but  when  the  water  was  saturated 
with  carbonic  acid  and  allowed  to  act  upon  the  pulverized  rock, 
all  the  constituents^  with  the  exception  of  alumina  and  oxide  of  irony 
were  dissolved  in  the  form  of  bicarbonates.* 

1000  grammes  of  the  water  solution,  after  12  hoars'  digestion, 
contained — 

GraifiBMt. 

Silica      ..      .:      0*03716 

Soda        0-00824 

Potash 0-00162 


0-04702 


*  Silicates  of  potash  and  soda,  silicate  of  lime,  protosilicate  of  iron,  and  probably 
protosiiicate  of  manganese,  are  decomposed  by  carbonic  acid  at  ordinary  temper 
ratures ;  but  silicate  of  alumina  and  persilicate  of  iron  are  not  acted  upcm  by 
carbonic  acid,  as  it  does  not  combine  with  alumina,  nor  with  peroxide  of  iron. 
The  alkaline  carbonates  also  bring  abont  many  decompositions  in  the^  mineral 
matter  of  the  soil.  : 

2g2 
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KKfO  grammes  of  the  carbonic  acid  solution,  after  4  hours' 
digestion,  contained — 

Silica      0-09544 

Bicarbonate  of  lime       ..      ..     0-16893 
„  magnesia       ..     0'05333 

„  soda       ..      ..     0-06299 

„  iJOtash    ..      ..     0-00189 


0-38258 

The  powerful  action  of  water  containing  carbonic  acid,  upon 
carbonate  of  lime,  is  well  known,  removing  the  lime  in  the  form 
of  bicarbonate  ;  should  the  water  holding  the  lime  in  this  state  of 
solution  be  exposed  to  evaporation,  the  lime  is  deposited,  and  in 
this  way  great  masses  of.  limestone  are  formed — witness  the  tra- 
vertino  oi  Italy  and  the  large  accumulations  in  the  plains  of 
Pamphylia.  The  same  is  also  seen  in  the  stalactitic  caves  in 
this  and  other  countries. 

The  late  Sir  H.  De  la  Beche,  speaking  of  the  decomposition 
of  silicates,  and  remarking  that  certain  of  them — for  example,  those 
of  potash  and  soda — are  not  difficult  to  be  dissolved  when  free 
carbonic  acid  is  present,  goes  on  to  say  :  "Mr.  Henry  informs  me 
that,  when  experimenting  upon  silica,  he  found  that  a  silicate  of 
soda  was  decomposed  even  by  the  carbonic  acid  of  the  atmo- 
sphere, and  the  silica  deposited,  its  state  and  appearance  being 
much  affected  by  the  degree  of  concentration  of  the  solution." 
{Geological  Observer^  p.  606.) 

As  with  silicates  of  potash  and  soda,  so  it  is  with  the  silicate 
of  lime  in  the  presence  of  water  containing  carbonic  acid,  decom- 
position taking  place  with  the  formation  of  carbonate  of  lime,  or, 
if  the  carbonic  acid  be  in  abundance,  bicarbonate  of  lime  ready 
to  he  removed  in  solution.     {De  la  BecJie.) 

Way  has  moreover  shown  the  solvent  action  of  carbonic  acid 
upon  the  double  silicate  of  alumina  and  ammonia.  Thus,  while 
one  gallon  of  distilled  water  dissolved  from  this  salt  but  one  grain 
of  ammonia,  the  same  quantity  of  water  saturated  with  carbonic  acid 
dissolved  upwards  of  2i  grains.  {JE)iff,  Agricult.  Joum.^  XXIX. 
p.  136.) 

Again  carbonic  acid  is,  says  Liebig,  the  indispensable  condition 
for  the  entrance  of  the  phosphates  into  the  vegetable  organism ; 
for  phosphate  of  lime,  although  insoluble  in  pure  water,  yet  is,  like 
carbonate  of  lime, soluble  in  water  containing  free  carbonic  acid; 
and,  according  to  Werner,  it  is  the  carbonic  acid  that  decomposes 
the  felspar  of  rocks,  an  opinion  which  appears  to  be  pretty  gene- 
rally entertained. 

Dr.  Anderson,  of  Glasgow,  says,  "  The  oxygen  of  the  atmo- 
sphere acts  upon  the  organic  matters  of  the  soil  and  produces  a 
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constant  although  slow  evolution  of  carbonic  acid,  which  is  ab- 
sorbed by  the  moisture  contained  in  the  soil,  and  exerts  a  solvent 
action  on  its  constituents.  In  fact,  although  a  very  feeble  acid, 
carbonic  acid,  by  its  continuous  action,  is  constantly  effecting  the 
solution  of  new  quantities  of  the  constituents  of  the  soil."  {Enc. 
Brit,,  8  ed.  ii.  395.) 

On  the  backs  of  veins  containing  sulphuret  of  lead,  exposed  to 
the  air,  the  carbonates  of  that  metal  are  often  found.  A  pot  of 
Roman  copper  coins  was  got,  a  few  years  since,  in  Cardiganshire, 
not  far  from  the  surface,  and  the  coins  themselves  had  been 
exposed  to  the  action  of  atmospheric  influences ;  the  waters,  con- 
taining; common  air  and  carbonic  acid,  finding  their  way  to  them, 
had  produced  the  red  oxide  of  copper  on  the  surface  of  some  of 
the  coins,  beautifully  crystallised,  while  in  others  the  further 
change  into  the  carbonate  had  been  so  effected  as  to  present  the 
usual  mamillated  character  of  malachite.  Illustrative  specimens 
of  these  coins  are  now  in  the  Museum  of  Practical  Geology. 
Many  ancient  bronzes  shew  similar  changes.  In  the  refuse  of 
the  old  Derbyshire  mines  the  small  fragments  of  sulphuret  of 
lead  are  found  wholly  changed  into  the  carbonate,  and  a  similar 
action  is  observed  upon  the  sulphuret  of  zinc.     (De  la  Beche,) 

A(>*ja  regia  is  known  as  about  the  most  powerful  solvent  we 
have,  dissolving  even  gold  and  platinum  ;  but  the  long- continued 
action  of  water  containing  carbonic  acid  will  dissolve  what  even 
aqua  regia  fails  to  do  in  a  short  time,  as  the  foUqwing  experi- 
ment by  Polstorff  and  Wiegmann  clearly  shows.  These  chemists 
boiled  some  white  sand  with  a  mixture  of  nitric  and  muriatic 
acids,  and,  after  completely  removing  the  acid  by  washing  the 
sand  with  water,  they  exposed  it,  thus  purified,  to  the  action  of 
water  saturated  with  carbonic  acid  gas.  After  the  lapse  of  30 
days  this  water  was  subjected  to  analysis,  and  was  found  to 
contain  in  solution  silica,  carbonate  of  potash,  and  also  lime  and 
magnesia ;  thus  proving  that  the  silicates  contained  in  the  sand 
were  unable  to  withstand  the  continued  action  of  water  con- 
taininq:  carbonic  acid,  although  the  same  silicates  had  resisted 
the  short  action  of  the  aqua  regia.  And  it  is  also  known  that 
felspar  is  unable  to  withstand  the  solvent  action  of  water 
saturated  with  carbonic  acid,  although  it  is  scarcely  affected  by 
bein^  left  in  contact  with  cold  muriatic  acid  for  24  hours. 
{Liebifj^  Chem,  of  Agriculture y  3rd  ed.  p.  92.) 

The  air  contained  in  the  pores  of  the  soil  is  often  propor- 
tionally much  richer  in  this  gas  than  the  atmosphere,  espe- 
cially when  it  contains  much  decaying  organic  matter,  the 
earthy  substance  having  the  property  of  condensing  the  carbonic 
acid  within  its  interstices.  Boussingault,  investigating  this 
subject  in  1852,  found  that  in  soil  recently  manured  the  air  fre- 
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-quently  contained  400  times  as   much  carbonic  acid  as  the 
general  atmosphere. 

These  observations  will  perhaps  suffice  to  show  the  extensive 
agency  of  this  ingredient  of  the  atmosphere  upon  the  varied 
.matters  of  the  soil ;  its  importance  to  the  vegetable  kingdom  can 
hardly  be  exaggerated,  for  it  is  the  vital  breath  of  plants,  with- 
out which  they  would  soon  perish ;  its  action  upon  the  soil  is 
that  of  an  acid,  decomposing  the  substances  with  which  it  comes 
in  contact,  and  combining  with  the  bases  to  form  carbonates  or 
bicarbonates,  which  being  generally  soluble  in  water  are  thereby 
enabled  to  enter  into  the  roots  of  plants.  Compared  with  some 
^f  the  well-marked  acids — such  as  the  sulphuric,  nitric,  or  hydit>- 
chloric — its  powers  are  indeed  feeble  ;  but  a  rapid  action  upon 
the  soil  is  not  wanted,  would  indeed  be  injurious  and  exhaustive, 
for  the  riches  of  the  soil  would  thereby  be  soon  wasted.  A 
gradual,  steady,  solvent  power,  adapted  to  the  continued  necessir 
ties  of  plants,  and  most  active  in  the  summer  season,  is  the  thing 
here  required,  and  in  this  agent  we  find  that  Nature  has  admirably 
supplied  it.* 

Carburetted  Hydrogen  is  a  colourless  gas,  about  half  the 
weight  of  common  air,  scarcely  soluble  in  water,  and  is  a  com- 
'pound  of  carbon  and  hydrogen.  It  would  appear  to  be  a  neutral 
body,  not  forming  compounds  with  acids  or  bases.  Stagnant^ 
water,  containing  vegetable  matter,  frequently  gives  oflF  this  gas, 
on  account  of  which  it  has  received  the  name  of  mardi-^CLS^  and 
9X90  firedamp y  from  its  explosive  property,  so  fatally  known  in 
coal-mines.  As  I  am  not  aware  in  what  manner  it  can  affect  the 
materials  of  the  soil,  it  need  not  be  longer  here  considered. 

Ammonia^  Nitric  ^cirf.— Although,  relatively,  the  amount  of 
these  ingredients  of  the  atmosphere  is  but  minute,  yet,  looking 
upon  the  air  as  a  whole,  their  quantity  is  considerable.  Taking 
the  ammonia  at  even  the  low  estimate  of  Fresenius  (in  1,000,000 
parts  of  air  0O98  by  day,  and  0*169  by  night),  it  has  been  com- 
puted that  our  atmosphere  contains  altogether  50,000,000  tons 
of  it,  and  the  amount  of  nitric  acid  would  appear  to  be  con- 
siderably greater.  It  is  only  of  late  years  that  researches  have 
been  made  into  the  proportions  of  these  substances  in  the  air, 
and  tlie  results  of  different  investigators  disagree,  which  might 
have  been  expected,  as,  like  the  carbonic  acid,  their  amount 
varies  probably  according  to  time  and  place.  Although  a  paper 
by  Professor  Way  has  recently  given  to  the  readers  of  the 
English  Agricultural  Journal  a  summary  of  the  existing  knoW' 

^  *  May  not  one  of  the  principal  uses  of  the  mould  or  carbonaceous  matter  of  cul* 
tivated  ground  be  its  power  of  dissolving  the  mineral  matter  of  the  soil  by  virtue 
of  the  carbonic  acid,  organic  acids,  ammonia,  and  nitric  acid,  generated  in  the 
course  of  its  decay. 
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ledge  on  the  subject,  yet,  as  some  important  investigations  in 
this  country  have  since  then  been  published  by  Mr.  Lawes,  it 
may  not  be  out  of  place  here  to  give  some  of  the  results  that 
Lave  been  arrived  at. 

Ammonia  found  in  1,000,000  parts  of  air,  by — 

Kemp 3*680 

(Jraeger 0-323 

Prcseuius  rby  night) 0*169 

(by  (lay)       0*098 

Ville,  fro.  16  cx^^nts  {  ^0^0^,  "      [l     SS 

Ammonia  found  in  1,000,000  parts  of  rain-water,  by — 

Barral,  mean  of  5  months*  observations  at  Paris  (con-1  0.40/) 

firmed  by  Boussingault) f  o    JV 

Boussingault,  mean  of  6  months'  observations  in  open )  ^.744. 

country  in  Alsace      j 

Lawes  and  Gilbert,  mean  of  14  months'  observations  in  1  /v.qqa 

ojx'n  country  at  Eothamsted j 

Nitric  acid  found  in  1,000,000  parts  of  rain-water  by — 

Barral,  mean  of  5  months'  observations  at  Paris        ..  16*250 

Mr.  Lawes  has  also  investigated  the  proportions  of  nitric  acid  in 
rain-water,  and,  although  he  did  not  consider  his  experiments 
satisfactory  enough  to  be  published^  yet  he  has  stated  that  their 
tentlency  is  to  confirm  the  fact  of  the  larger  proportion  of 
nitrogen  occurring  under  this  form  than  in  that  of  ammonia. 

Boussingault  has  also  found  the  water  of  dew  and  fogs  to  be 
much  richer  in  ammonia  than  rain-water. 

As  the  air  generally  sweeps  over  the  ground  at  a  considerable 
velocity,  each  particle  of  the  surface  is  continually  brought  into 
contact  with  a  fresh  supply,  and  the  well-known  powers  of  the 
earth  to  absorb  the  ammonia  so  presented  to  it  shew  that  a 
considerable  quantity  must  thus  enter  into  its  pores. 

Ammonia  has  a  powerful  affinity  for  water;  according  to 
Thos.  Thompson,  water,  at  the  common  temperature  and  pres- 
sure, takes  up  780  times  its  bulk  of  this  gas,  and  under  strong 
pressure  it  is  absorbed  in  still  greater  quantity.  Under  a  pres- 
sure of  6i  atmospheres  ammonia  becomes  a  fluid  ;  it  is  also 
liquefied  at  a  temperature  of —40°.  Ammonia  has  tlie  properties 
of  an  alkali  or  base,  uniting  with  acids  to  form  salts,  which  are 
generally  soluble  in  water  ;  some  of  them  are,  like  itself,  volatile 
at  the  ordinary  temperature,  while  others  require  a  strong  heat 
to  decompose  them.  The  ammonia  of  the  air  probably  exists  in 
the  form  of  a  carbonate,  and  Mr.  Way  found  that,  if  air  charged 
•with  carbonate  of  ammonia,  so  as  to  be  highly  pungent,  is  passed 
through  a  tube  filled  with  small  fragments  of  dry  clay,  every 
particle  of  this  gas  is  an-ested ;  and,  in  the  same  manner,  if  into 
a  bottle   filled  with  air  similarly  impregnated  a  little  ordinaxy 
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dry  soil  is  thrown,  and  the  bottle  then  shaken,  all  amxnoniacal 
smell  will  disappear.  Way  attributes  this  property,  in  a  great 
measure,  to  the  double  silicate  of  alumina  and  lime,  which  he 
found  had  so  great  an  avidity  for  carbonate  of  ammonia  that  a 
few  grains  of  the  lime-silicate  placed  under  a  bell -jar,  along  with 
some  pieces  of  dry  carbonate  of  ammonia,  in  a  few  hours  ab- 
sorbed between  2  and  3  per  cent  of  the  volatile  alkali ;  the  car- 
bonic acid  of  the  carbonate  of  ammonia  combining  with  the  lime 
to  form  carbonate  of  lime,  while  the  ammonia  forms,  with  the 
alumina,  a  double  silicate  of  alumina  and  ammonia.  {JEny. 
Agricult,  Joum.^  XXIX.  p.  138.) 

De  Saussure  observed  that  sulphate  of  alumina  exposed  to  the 
air  passed  into  ammoniacal  alum.  Vauquelin  also  detected 
ammonia  in  the  oxide  of  iron  produced  by  the  exposure  of  that 
metal  to  the  action  of  air  and  water ;  and  Chevallier  and  Bous- 
singault  found  it  in  the  native  oxides  of  iron ;  Austin  also  states 
that  it  is  always  present  when  iron  is  oxidated  by  air  and  water. 
Iron,  however,  according  to  Guibourt,  has  the  power  of  decom* 
posing  water  when  it  rusts,  abstracting  the  oxygen  and  liberating 
the  hydrogen,  and  it  is  possible  that  ammonia  may  be  formed  in 
the  process ;  be  this  as  it  may,  however,  peroxide  of  iron,  like 
other  porous  bodies,  greedily  al3sorbs  ammonia  and  many  other 
gaseous  substances.  /  ^ 

The  organic  matters  of  the  soil  have  also  a  strong  affinity  for 
this  gas ;  peat  absorbs  a  large  quantity,  and  so  great  is  the  at- 
traction of  the  humic  and  other  organic  acids  of  the  soil  for 
ammonia  that  they  can  hardly  be  freed  from  it   {Anderson.) 

In  addition  to  the  ammonia  which  the  atmosphere  supplies 
directly,  it  furnishes  it  also  indirectly  by  its  action  upon  the 
nitrogenised  matters  that  may  be  in  the  soil ;  this  organic  mattei 
may  be  decomposed  by  the  conversion  of  its  nitrogen  either  into 
ammonia  or  into  nitric  acid.  Dr.  R.  A.  Smith,  of  Manchester, 
has  shown  that,  if  the  soil  is  very  alkaline  and  moist,  the  conver- 
sion of  the  organic  matter  into  ammoniacal  compounds  is  very 
rapid.  He  put  some  soil  not  very  rich  in  organic  matter  into 
this  condition  by  the  assistance  of  a  little  ammonia,  and  the  con* 
sequence  was  the  rapid  occurrence  of  a  very  intense  putrefactive 
decomposition.  In  a  paper  to  the  Philosophical  Society  of 
Manchester  he  showed  that,  through  the  rapid  decomposition  of 
organic  matter  by  moisture  and  heat,  ammonia  is  formed  so 
abundantly  that  in  hot  weather,  on  peat-land,  it  may  be  found 
perceptible  directly  by  the  senses. 

An  important  action  of  the  ammonia  is  its  power  of  dissolving 
the  mineral  matter  of  the  soil.  Kuhlman,  in  reference  to  this, 
writes,  "  In  order  fully  to  appreciate  the  eflFect  of  ammoniacal 
salts,  it  is  necessary  to  point  out  that  they  promote  the  entrance 
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of  mineral  salts  into  the  plant.  Phosphate  of  lime,  phosphate 
of  magnesia,  and  silica,  can  by  the  aid  of  carbonate  of  ammonia 
become  somewhat  soluble  and  absorbable.  Every  soil  contains 
carbonate  of  lime,  which  is  rarely  free  from  alkalies,  and  this 
mider  the  influence  of  solar  heat  will  decompose  sal-ammoniac 
and  sulphate  of  ammonia,  by  which  means  soluble  salts  of  lime 
and  carbonate  of  ammonia  are  produced."  (  Comptes  MenduSy  XVII. 
1118.) 

Some  of  the  mineral  constituents  of  plants  are  dissolved  in  the 
soil  only  by  water  containing  carbonic  acid  or  some  salt  of  am- 
monia. That  the  nitric  acid  and  ammonia  of  the  atmosphere 
probably  exercise  some  solvent  power  upon  the  mineral  matter 
of  the  soil,  the  experience  of  Mr,  Lawes  and  others  shows,  for  the 
produce  of  nitrogenised  matters  in  the  crop  are  not  porportional 
to  the  supply  of  nitrogen  given  to  the  soil  in  the  shape  of  am- 
moniacal  manures,  there  being  a  disappearance  of  ammonia  in 
some  manner  which  perhaps  can  be  accounted  for  most  feasibly 
on  the  supposition  that  it  acts  as  a  solvent  upon  the  minersd 
matter  of  the  soil,  and  thus  is  the  means  of  introducing  into  the 
plant  those  necessary  substances  which  might  without  it  remain 
in  an  insoluble  form.  It  would,  indeed,  seem  that  this  dissolv- 
ing power  of  ammonia  upon  the  silicates,  phosphates,  and  other 
earthy  matters  of  the  soil,  is  perhaps  a  more  important  property 
than  its  use  merely  as  a  supplier  of  nitrogen,  for  the  amount  of 
it  withdrawn  from  the  soil  is  sometimes  four  times  as  much  as 
appears  in  the  crop. 

Nitric  acid  and  ammonia  have  been  spoken  of  together,  as 
their  action  is  probably  similar,  both  as  regards  the  soil  and  the 
crop  growing  upon  it,  and  they  may  likely  replace  each  other  in 
those  respects. 

When  it  is  considered  that  many  of  the  nitrogenised  consti- 
tuents of  the  crops  seldom  find  their  way  into  the  dung-heap, 
but  are  sent  off  the  farm  in  the  grain  and  live  stock  sold,  and  that 
nitrates  and  ammoniacal  manures  are  expensive  articles  to  pur- 
chase, then  the  amount  of  these  ingredients  of  the  atmosphere, 
as  available  sources  of  nitrogen  to  the  soil  and  the  plants  that 
grow  upon  it,  becomes  a  very  interesting  inquiry ;  for  if  it  can 
be  shown  that,  by  certain  not  too  expensive  modes  of  manage- 
ment, the  surfaces  of  our  fields  can  be  made  to  catch  enough  of 
these  substances  for  the  wants  of  each  crop,  a  great  advantage 
would  be  gained,  and  a  standing  difficulty  be  removed.  Liebig, 
in  a  recent  publication,  writes,  "  I  consider  myself  as  perfectly 
justified  in  concluding  from  my  experiments,  that  on  ordinary 
farms,  provided  we  give  to  the  soil  the  proper  physical  quality 
and  composition^  there  may  be,  by  degrees,  such  an  amount  of 
ammonia  collected,  or  condensed  from  the  atmosphere,  as  to  be 
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more  than  sufficient,  with  the  available  mineral  constitnents  pm* 
sent  in  the  soil,  to  obtain  the  maximmn  of  produce  for  each  soiL 
Tiiis  of  course  does  not  exclude  the  feasibility  of  attaining  a  still 
higher  produce,  if  we  increase  the  proportion  of  mineral  and 
atmospheric  constituents  in  the  soil."  (Principles  of  Agricultural 
Cliemistry,  p.  45.) 

Ammonia  is  produced  in  many  cases  where  nitrogen  at  the 
moment  of  its  liberation  from  compounds  containing  it  is  met  bj 
hydrogen. 

Water, — ^The  action  of  the  watery  vapour  and  rains  of  the 
atmosphere  still  remains  for  consideration.  Without  the  pre- 
sence of  water  little  chemical  action  would  take  place,  and  the 
oxidation  of  minerals  would  probably  not  be  effected.  Perfecdy 
dry  air  has  little  combining  power,  and  has  no  effect  whatever 
upon  iron ;  the  extreme  slowness  with  which  even  the  moderately 
dry  air  of  the  higher  regions  of  the  atmosphere  influences  bodies 
exposed  to  it  is  evidenced  by  an  experiment  of  M.  Zumbstein, 
who  fixed  a  polished  iron  cross  on  the  summit  of  Monte  Rosa, 
in  the  Alps,  in  August,  1820 ;  on  visiting  it  again  in  Angost, 
1821,  he  found  it  neither  rusted  nor  corroded,  but  with  merdy 
a  tarnish  the  colour  of  bronze.  The  temperature  of  the  air  was 
21  F. ;  barometer  16  inches  42  lines  ;  and  height  above  the  sea 
14,086  feet.  Neither  does  pure  water  deprived  of  all  air,  ac- 
cording to  Marshall  Hall,  act  upon  iron  at  any  temperature  be- 
low 212°  F.,  and  at  that  but  slowly. 

Air  and  water,  therefore,  at  ordinary  temperatures,  taken 
separately,  are  quite  neutral  in  respect  to  iron,  and  to  many  other 
bodies,  but  taken  together  the  case  is  widely  different ;  the  con- 
ditions most  favourable  for  the  rapid  oxidation  of  iron  consisting 
in  its  exposure  to  alternations  of  wet  and  dry,  or  to  air  covered 
with  an  indefinitely  thin  film  of  water  constantly  renewed.  (MaJlety 
Brit,  Association  Report  for  1840,  p.  256.) 

Water,  owing  partly  to  its  own  extensive  affinities,  and  also  to 
its  elements,  the  oxygen  and  hydrogen  of  which  it  is  composed, 
is  itself  a  chemical  agent  of  great  power,  and  in  consequence  of 
its  great  solvent  action  it  is  never  quite  pure  in  nature :  even 
rain-water  before  reaching  the  ground  contains,  as  we  have  seen, 
atmospheric  air,  ammonia,  nitric  acid,  and  carbonic  acid  ;  it 
also  frequently  contains  sea-salt,  found  more  abundantly  during 
or  immediately  after  a  gale  off  the  ocean.  The  air  found  in 
water  from  newly-fallen  snow  melted  is  much  richer  in  oxygen 
than  atmospheric  air ;  according  to  Gay  Lussac  and  Humboldt  it 
contains  34*8  per  cent  of  oxygen,  and  the  air  in  rain-water  con- 
tains 32  per  cent  of  that  gas.  Air  or  oxygen  dissolved  in  water 
is  in  a  condensed  state,  and  hence  in  a  condition  highly  apt  for 
combination.     Rain-water,   when  newly  fallen,  frequently  con« 
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tains  one-fifth  of  its  volume  of  oxygen.  According  to  Guibourt, 
when  a  piece  of  iron  is  immcycsed .  in  such  water  the  whole  be- 
comes electrically  excited.-  The  water,  rendered  more  negative 
by  contact  with  the  iron,  repels  its  dissolved  oxygen,  while  the 
iron,  become  more  positive  by  the  contact  of  water,  exercises  an 
unusual  affinity  for  th?  oxygen.  Supposing  the  surface  of  the 
metal  everywhere  uniform,  a  film  of  oxide  is  soon  produced  over 
it,  and,  this  once  effected,  decomposition  proceeds  with  increased 
rapidity  ;  for  as  every  metal  is  positive  with  regard  to  its  own 
oxides,  it  follows  that  the  film  of  rust  and  the  iron  beneath  now 
form  a  voltaic  couplfi  of  greater  energy  than  the  last];  and 
whereas  the  electric  energies  were  before  only  sufl&cient  to  bring 
the  dissolved  oxygen  of  the  water  into  comlnination  with  the  iron, 
they  now  become  sufficient  to  decompose  the  water  itself,  and 
hydrogen  commences  to  be  evolved.  (Quoted  by  Mallet  from  the 
Jonrn,  de  Pharm,^  1818.) 

According  to  Thomas  Thompson,  the  air  in  the  water  of  the 
river  Clyde  amounts  to  3'113  per  cent.,  and  consists  of  70'9  of 
nitrogen  and  29*1  of  oxygen. 

Newly-boiled  water  has  the  property  of  absorbing  a  portion 
of  all  ^ases  brought  into  contact  with  it,  the  absorption  being 
promoted  by  shaking.  The  following  table  shows  the  quantities 
of  different  gases  taken  up  by  water  that  has  been  deprived  of  all 
its  air  by  ebullition  : — 

100  cubic  inches  of  water  at  60°  and  W  Bar.  absorb  of 

Dalton  and  Henry.  Saussnre. 

Ctibic  Inches.  Cubic  Inches. 

Carbonic  acid        100'  ..  ..  106- 

Oxygen          a-7  ..  ..  6-5 

Xitrogen        1'5R  ..  ..  4*1 

Hydrogen      1*5G  ..  ..  4*6 

Sulphuretted  hydrogen        ..  100*  ..  ..  253' 

Olctiantgas  ..  "^ '      12*5  ..  ..  15*3 

Carbonic  oxide      1*56  ..  ..  6*2 

T.  Thompson. 
Ammonia     78000* 

Tlie  estimate  of  Saussure  is  thouglrt  tobe  generally  too  high. 
The  following  table  shows  the  solubility  of  certain  substances  in 

^vate^  : —  ... 

100  of  Water  at  60« 
dissolve 

Alumina         0*000 

Ammonia,  nitrate..      ..      ..      ..  200-000 

sulphate      60*000 

Potash,  sulphate 9*600 

„      nitrate       27*000 

„      carbonate 121-000 

„      bicarbonate      26*000 

Sodium 
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100  of  Water  at  60* 
disaolve 

Sodium,  chloride 37-000     . 

Soda,  nitrate         48-600 

„    sulphate       83-600 

„    carbonate      20-500 

„    bicarbonate 8-700 

„    phosphate 24-700 

Lime,  sulphate      0*217 

Magnesia       ..      0*019 

sulphate        114-000 

Iron,  protosulphate       70-000 

Lime,  carbonate 0-009 

„     hydrate       0-128 

Water  combines  with  anhydrous  bases,  forming  hydrates  of 
these  bases,  of  which  slaked  lime  is  a  familiar  example,  being  a 
hydrate  of  lime  ;  it  also  forms  hydrates  of  neutral  salts.  Again, 
it  combines  with  both  hydrated  and  anhydrous  salts  in  the  form 
of  what  is  called  water  of  crystallization,  as  is  instanced  in  the 
family  of  minerals  named  zeolites.  It  also  unites  with  dry  acids 
to  form  hydrated  acids  ;  indeed  some  of  these  bodies  without  that 
water  seem  to  want  their  acid  property,  e.  g.dry  sulphuric  acid. 

Rain-water,  being  derived  by  the  action  of  evaporation  and 
wind  from  the  sea,  probably  often  contains  traces  of  all  the 
matters  found  to  compose  the  water  of  the  ocean ;  it  may  there- 
fore be  the  means  of  conveying  a  very  sensible  amount  of  many 
salts  to  the  soil.  The  following  analysis  by  Schweitzer  will 
show  the  composition  of  the  waters  of  the  English  Channel,  and 
is  contrasted  with  another  of  the  waters  of  the  Dead  Sea  by  a 
pupil  of  Dr.  R.  D.  Thomson: — 


English  Channel. 

Dead  Sea. 

Chloride  of  sodium    ..      .. 

27-059      ..       . 

76-50 

„          potassium 

0-765      ..      , 

23-30 

„         magnesium 

3-666     ..      , 

95-60 

„          calcium    .. 

,              ..        ..      . 

22-45 

„         aluminum 

•              •  •        •• 

0-24 

Bromide  of  magnesium     . . 

0-029     ..      , 

2-31 

Suli^hate  of  lime 

1-406     .. 

0-86 

„          magnesia 

2-295     .. 

Carbonate  of  lime 

0-033     .. 

traces. 

Ammonia 

trace 

Fixed  salts 

35-253     ..      . 

.       221-26- 

Water 

964-747     ..      . 

.       778-74 

1000-000  1000-00 

I  have  little  doubt  therefore  that  minute  quantities  of  many 
of  these  important  salts  are  conveyed  to  the  soil  through  the 
medium  of  rain  ;  take  for  instance  the  first  of  the  list,  the  chloride 
of  sodium :  at  Penicuik,  according  to  Dr.  M  adden,  the  rain  that 
falls  is  said  to  contain  so  much  common  salt  as  alone  to  convey 
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640  lbs.  to  every  acre  in  the  year.  {JohngtorCs  Elements  of 
Agricult,  Chemistrtj^  5th  ed.,  p.  216.)  Can  it  be  thought  that 
this  ingredient  is  alone  snatched  up  from  the  sea-waters  and  all 
the  rest  left  behind  ?  To  suppose  so  would  be  absurd,  and  although 
the  others  may  exist  in  the  rain  in  proportions  so  small  as  to 
have  escaped  notice,  like  the  ammonia  and  nitric  acid,  yet  there 
can  be  little  doubt  that  the  total  amount  thus  carried  down  to 
the  soil  in  a  season  must  have  an  appreciable  influence  on  vege- 
tation. The  annual  average  fall  of  rain  in  Britain  on  the  plains 
amounts  to  about  554,000  gallons  per  imperial  acre,  and  on  the 
mountain  ranges  to  nearly  double  this :  although  therefore  the 
amount  of  any  of  these  salts  in  a  gallon  may  be  quite  inap-  • 
preciable,  yet  when  multiplied  554,000  times  the  product  may 
give  a  very  important  quantity. 

Rain-water  on  reaching  the  ground  begins  to  dissolve  a  part 
of  almost  everything  it  meets  with  in  its  passage  through  the 
soil,  such  as  carbonates  and  phosphates  of  lime,  magnesia,  and 
iron,  silicates  of  lime,  potash,  and  soda,  organic  matters,  &c. 
By  looking  into  the  mineral  matters  found  in  springs  and  rivers, 
which  are  merely  rain-water  that  has  percolated  through  or  over 
the  soil,  some  idea  will  be  got  of  its  solvent  powers.  The 
following  table  shows  the  various  substances  found  in  some  well* 
known  rivers : — 


Carbonate  of  lime 

„  magnesia 

Peroxide  of  iron 

Sulphate  of  lime 

„  magnesia 

„  soda 

„         potash     .. 

Chloride  of  calcium  . . 
„  magnesium 
„         sodium   .. 

Nitrates       

Silica  

Alumina      

Orgranic  matter  .. 

Carbonic  acid     .. 


In  an  Imperial  Gallon.    Grains. 


Thames  at        Clyde  at 
Twickenham.   Waterworks. 


12«76 
1-03 

0'45 

2'00 
0-66 
1-75 


0*27 
3*48 


22*40 


}  ^-'M 


0*25 


trace 
0*18 
0*10 
1  84 
indications 


0*54 
1-49 


9*53 


Seine  at 
Notre  Dame. 


6-17 
2-29 

*   1*39 

"o-69 

0-69 

traces 

0*56  I 
traces 


11-78 


In  22  lbs. 
Grammes. 


Nile. 


5*30 
7'43 
0-53 

0'53 


4-77 

1-06 

1'59 

0-63 

12-19 


33*93 


The  following  table  contains  the  analyses  of  two  springs  in  the 
Malvern  hills  of  South  Wales,  from  the  Memoirs  of  the  Geological 
Survey,  vol.  ii.  p.  17.  "*  The  rocks  of  these  hills  are  composed, 
according  to  Mr.  Phillips,  principally  of  the  minerals,  quartz, 
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felspar,  mica,  chlorite,  hornblende,  and  epidote ;  of  these  felspar 
is  the  most  abundant,  hornblende  next,  and  then  quartz  an<i 
mica.  Epidote  in  small  quantities  at  any  one  place.  Of  rarer 
occurrence  are,  magnetic  iron-ore,  sulphuret  of  iron,  sulphate  of 
barytes,  carbonate  of  lime  and  carbonate  of  iron.  They  are  in 
short  a  range  of  igneous  or  trap  rocks.  The  surface  of  the  hills 
is  uniformly  and  excessively  dry,  says  Mr.  Phillips;  the  rain* 
water  sinking  into  innumerable  fissures  and  reappearing  at  lower 
levels  in  springs.  The  following  table  will  therefore  show  what 
water  will  dissolve  in  passing  through  such  substances : — 

Holy  Well.  St  Ann's  WeU. 

rconpcratnre  49»— 60».  Temperatare  47« — «•. 

Carbonate  of  soda      5-330  ..  ..  3-560 

„           lime      1-600  ..  ..  0-352 

„          magnesia      0*920  ..  ..  0-260 

„          iron      0-625  ..  ..  0*328 

Sulphate  of  soda        2*896  ..  ..  1-480 

Muriate  of  soda 1*563  ..  ..  0-965 

Kesiduum 1-687  ..  ..  0-470 

Grains  of  solid  ingredients  in  1  gallon  14*611  ..  ..  7*395 
The  effect  of  the  carbonic  acid  in  the  rain*water  will  be 
observed,  the  greater  part  of  the  salts  being  washed  out  in  the 
form  of  carbonates.  These  springs  are  at  the  common  tempe* 
rature ;  the  following  will  show  the  effect  of  an  increased  tempe- 
rature :  the  first  analysis  is  of  the  waters  of  the  Great  Geyser  in 
Iceland,  by  Dr.  Sandberger,  which  passes  also  through  igneous 
rocks;  the  second  is  by  Berzelius,  of  the  mineral  \vaters  of 
Carlsbad : — 

Geyser.  Curlsbftd. 

Temperature  166«  F. 

Grains  in  1 ,000.  Grains  in  1 ,000. 

Carbonate  of  soda       0*1939  1-25200 

„  ammonia        ..      ;.      0*0083 

„           lime       .. 0-31219 

„            strontia 0-00097 

„            magnesia;      0-18221 

„            iron        0*00424 

„            manganese     trnce. 

Sulphate  of  soda 0*1070  2*68714 

„  potash     0-0475 

„  magnesia 0-0042 

Sulphide  of  sodium     ..      ..      ..      0*0088 

Chloride  of  sodium     0*2521  1*04893 

Fluoride  of  calcium 0*00331 

Phosphate  of  lime       0*00019 

„             alumina        0*00034 

Silica 0*5097  0*07504 

Carbonic  acid      0*0557  5  cubic  inches  in  a  wine  pint. 

1*1872  S^46656 
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The  following  are  the  substances  contained  in  an  imperial 
^llon  of  the  waters  of  the  Artesian  well  in  Trafalgai*  Square, 
London,  according  to  the  analysis  of  Dr,  Lyon  Plajfair : — 

Grains. 

Chloride  of  sodinm 25*724 

Subcarbonate  of  soda      0*709 

Bicarbonate  of  soda 14*564 

Sulphate  of  soda  aud  potash 18*482 

„          magnesia      1*157 

Silicate  of  alumiua,  with  a  trace  of  oxide  of  iron  ..  0*835 

Carbonate  of  lime 3*085 

„             mao;nesia 2*363 

Phosphate  of  magnesia 0*043 

Loss 0*276 


67*188 


As  estuary  waters  may  percolate  into  the  chalk  below  London, 
the  large  amount  of  chloride  of  sodium  may  be  due  in  great 
measure  to  that  source. 

Tliese  analyses  will  serve  to  show  the  effect  of  water  in 
dissolving  the  mineral  matters  of  the  soil.  The  action  of  ammonia 
in  this  respect  has  been  already  alluded  to,  but  water  containing 
common  salt  (chloride  of  sodium)  has  also  a  great  solvent  power 
upon  some  substances,  surpassing  even  that  of  carbonic  acid 
water.  Mr.  Way  for  instance  found  that  the  double  silicate  of 
alumina  and  ammonia  was  affected  in  the  following  manner  :  — 

Grains. 

1  imperial  gallon  of  distilled  water  dissolved  about       1*000 

„  of  water  saturated  with  carbonic  acid       ..      ..     2*527 

„  of  water  containing  0*1  per  cent,  of  common  salt    3*320 

„  of  water  containing  1*97  per  cent,  of  common  salt  23*100 

The  last,  it  will  be  observed,  is  more  than  twenty  times  as  much 
as  wliat  was  dissolved  by  pure  water,  and  more  than  nine 
times  as  much  as  was  taken  up  by  water  saturated  with  car- 
bonic acid.  It  has  been  shown  how  largely  salt  occurs  in  rain- 
water in  some  places ;  its  solvent  effect  may  therefore  be  often 
of  some  benefit.  Mr.  Way  suggests  that  this  effect  of  salt  may 
be  tlie  means  of  supplying  silica  to  the  stems  of  plants,  and  thus 
explain  the  influence  which  has  been  observed  of  its  application 
strengthening  the  stems  of  the  grain* crops.  An  instance  of  this 
came  under  my  own  observation.  On  the  11th  June,  1853,' 
having  observed  part  of  a  field  of  oats  so  very  luxuriant  that  I 
thought  the  crop  would  lodge  and  be  rotted,  I  sowed  upon  the 
rankest  bit  of  it  (being  about  1'162  acre  imp.)  2  cwt.  of  salt 
during:  a  very  heavy  rain.  Some  of  the  adjacent  portions  were 
also  offering  to  be  too  luxuriant,  although  not  so  lAuch  so  as  the 
piece  tlms  treated.     But 'when  Harvest  arrived,  the  salted  bit, 
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although  it  did  eventually  go  down,  did  not  do  so  until  it 
had  filled  and  ripened,  being  about  the  fii*st  ready  of  the  whole 
field — the  cutting  was  indeed  begun  at  it ;  whereas  the  portions 
adjoining,  that  got  no  salt,  lodged  much  worse,  never  thoroughly 
ripened,  and  were  many  days  later.  The  nature  of  the  soil  was 
a  light  loam,  naturally  wet,  but  thoroughly  drained.  I  ought, 
however,  to  mention  that  this  effect  does  not  always  happen  ;  for 
the  very  same  season,  I  caused  one  whole  ridge  in  the  middle  of 
another  field  to  be  sown  with  common  salt  at  an  earlier  part  of 
the  summer,  at  the  rate  of  3  cwt.  per  imperial  acre,  and  saw  it 
done  myself,  as  in  the  other  case.  But  in  this  instance  I  could 
see  no  influence  the  salt  had,  neither  in  causing  the  straw  to  be 
stronger  and  stand  up  better,  nor  in  hastening  the  process  of 
ripeningf ;  nor  did  the  men  employed  in  reaping  the  crop  detect 
any  difference  in  the  quality  of  the  straw  from  that  on  the  adjoin- 
ing ridges,  pieces  of  the  crop  being  about  equally  lodged  in  them 
all.  The  soil  in  this  case  was  mostly  a  stiffish  clay,  also  natu- 
rally wet,  but  thoroughly  drained. 

The  crops  along  the  sea-coast  may  be  observed  in  many  places 
to  be  generally  earlier  in  ripening  than  those  farther  inland ;  and 
it  is  possible  that  this  may  be  partly  due  to  the  greater  quantity 
of  sea-salt  brought  up  on  them  by  the  winds  off  the  ocean. 

"  Fresh-fallen  rain,"  says  Mr.  Mallet,  in  investigating  the 
action  of  air  and  water  on  iron,  "  after  a  time  of  drought,  espe- 
cially in  cities,  comes  down  so  loaded  with  free  oxygen,  carbonic 
acid,  and  ammoniacal  salts,  that  it  produces  instantly  a  coat  of 
red  rust  upon  any  iron  placed  in  contact  with  it."  He  then  gives 
the  following  interesting  effect  of  dew : — '*  But  the  deposition  of 
dew,  under  certain  circumstances,  originates  the  most  immediate 
and  powerful  oxidation,  as  the  following  observation  testifies : 
On  tlie  14th  March,  1842,  the  temperature  at  Dublin,  at  twelve 
o'clock  noon,  was  high,  and  the  day  fine,  but  the  air  was  nearly 
saturated  with  moisture,  and  dew  rapidly  collected  on  the  po- 
lished parts  of  a  large  steam-engine,  which  stood  unfinished  in 
a  shady  open  building  whose  temperature  was  considerably  below 
that  of  the  open  air.  In  two  hours'  time  after  being  wiped  clean 
with  cotton-waste,  all  its  bright-work  had  a  moist  coating  of  red 
rust  upon  it.  The  rusty  moisture  could  be  swept  off  by  the 
finger.  The  fact  of  such  rapid  action  of  deposited  dew  is  re- 
markable, and  is.  not  confined  to  a  single  instance,  having  been 
noticed  also  to  me  by  engineers  as  occurring  frequently  at  Liver- 
pool." 

The  yearly  amount  of  rain  that  falls  in  the  British  Islands  has 
been  computed  to  be  (Johnston^ s  Physical  Atlas^  folio  ed.)  : — 

English  Inches. 

On  plains       24'61 

On  mountain  ranges     40*69 
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Taking  the  ammonia  that  occurs  in  rain-water  at  the  mean 
found  by  Lawes  and  Gilbert,  viz.,  about  1  grain  in  1,000,000  of 
rain-water,  we  should  have  brought  down  upon  the  plains  of 
Britain  a  yearly  amount  per  imperial  acre  of  5*544  lbs.  avoir- 
dupois of  ammonia  ;  and  supposing  further  that  the  nitric  acid 
brought  down  in  the  rain  here  bears  the  same  ratio  to  the  am- 
monia as  has  been  found  by  Barral  at  Paris  (viz.,  as  16*25  to 
3'49),  we  should  have  annually  furnished  to  the  land  by  rain — 

lbs.  avoirdupois.  lbs.  avoirdnpoiB. 

Ammonia       ..      ..     5-544  =  nitrogen   4-566 
Nitric  acid     ..      ..  25*814  =  ditto  ..     6-693 


Total  nitrogen  in  rain  per  acre       ..  1 1*258 

Mr.  Lawes  gives  as  the  mean  result  for  the  monthly  amount  of 
ammonia  in  rain,  at  Rothamsted,  per  acre,  half  a  pound,  which 
would  be  just  6  lbs.  of  ammonia  in  the  year,  being  rather  more 
than  the  above  statement,  arising  doubtless  from  the  quantity  of 
rain  at  Rothamsted  being,  during  his  experiments,  greater  than 
what  I  have  taken  the  average  fall  to  be. 

The  quantity  of  rain  that  fell  at  Paris  during  Barral's  experi- 
ments seenls  to  have  been  a  good  deal  less  than  Ujsual ;  he  gives 
the  average  monthly  amount  of  ammonia  per  acre  at  0*81  lbs., 
which  would  be  9*72  in  the  year.  On  an  average  of  thirty  years 
it  has  been  found  that  the  mean  annual  fall  of  rain  at  Paris  is 
26-6  inches.  Supposing  then  that  the  proportions  of  ammonia 
and  nitric  acid  were  to  be  the  same  for  this  quantity  as  Barral 
found  them  to  be  during  the  five  months  of  his  observations,  the 
result  per  imperial  acre  in  rain  at  Paris  would  be — 

lbs.  lbs. 

Ammonia 21*061  =  nitrogen   17-344 

Nitric  acid         ..      ..     97*785  =  ditto  ..     25*352 


Total  annual  nitrogen  in  the  rain   ..     42*696 

As,  however,  it  is  generally  noticed,  that  after  some  continuance 
of  rain  the  proportion  of  ammonia  gets  less,  it  is  not  perhaps 
probable  that  quite  so  much  would  be  conveyed  in  a  year  to  the 
ground. 

The  annual  fall  of  rain  in  Alsace,  where  Boussingault  experi- 
mented, may  be  taken  as  the  same  as  at  Paris.  He  found,  during 
observations  of  six  months,  March  to  August  inclusive,  0*744 
in  1,000,000  of  rain  ;  taking  the  nitric  acid  in  the  same  ratio  as 
at  Paris,  we  get  in  the  rain  per  acre  : — 


XVII 

Ammonia 
Nitric  acid 

Total  nitrogen 

lbs. 
.       4-477 
.     20-846 

per  acre   .. 

=  nitrogen 
=  ditto  .. 

ttm 

3*687 
5*405 

VOL. 

9*092 
2 

H 
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The  above  calcolations  hare,  therefore,  given  the  total  amount 
of  nitrogen  per  acre  brought  down  to  the  ground  in  a  year  in  the 
rain-water  as  under : — 

Ibf.  ttvoirdapoifl. 
Average  of  Britain  0OW  grounds)     ..      ..     11*258 

Alsace 9-092 

Paris 42-696 

It  will  be  seen,  therefore,  how  largely  the  soils  in  the  neighbour- 
hood of  cities  must  be  benefited  by  the  manurial  substances 
brought  down  in  the  rain,  if  there  is  any  confidence  to  be  placed 
in  these  figures.*  It  must,  however,  be  borne  in  mind  that  these 
observations  have  been  carried  on  but  for  very  limited  periods, 
and  also  that  the  means  at  present  existing  for  determining  the 
very  minute  quantities  of  these  substances  in  the  rain  are  not 
very  satisfactory ;  indeed,  with  regard  to  the  nitric  acid,  Mr. 
Lawes,  in  a  communication  which  he  has  favoured  me  with  on 
the  subject,  states  that,  in  the  opinion  of  the  most  eminent 
chemists^  it  is  doubtful  whether  there  is  any  process  known  by 
which  the  very  small  proportions  of  that  ingredient  can  be  accu- 
rately determined.  It  may  be  interesting,  however,  to  compare 
these  results  with  the  quantities  of  nitrogen  found  in  the  cronps 
commonly  grown  in  tlus  country :  a  table,  therefore,  from  Dr. 
Anderson,  of  Glasgow,  is  subjoined,  showing  the  amount  of 
nitrogen  in  pounds  contained  in  average  crops  per  imperial  acre 
of  the  plants  usually  cultivated  here  : — 


Wheat     .. 

Bariey     .. 

Oato 

Beans 

Peas 

Turnip     . . 

Potato      . . 

Meadow-hay 

Red  clover 

Flax 

Rye-grass 


In  the  Grain. 


86 

60 

80 

75 

76balbs 

81  tubers 


In  the  Straw. 


16 
8 

U 
35 
60 

50  tops 
24  tops 


16 


TotaL 


54 

44 

74 

115 

;35 

126 

105 

57 

74 

60 

68 


It  will  be  seen  therefore  that,  according  to  the  figures  before 
given,  it  is  possible  the  rain  in  thfe  precincts  of  a  large  city  like 


*  Since  the  above  was  written  Mr.  Way  has  published  the  results  of  an  exami- 
nation of  the  rain-water  collected  at  Rothamsted  in  1855,  according  to  an  improved 
mode  of  analysis,  by  which  he  found  that  the  amount  of  nitric  acid  was  very 
much  less  than  what  Barral's  results  had  led  us  to  expect ;  that  indeed  it  con- 
tributed far  less  nitrogen  than  the  ammonia.  The  latter,  however,  he  found  in 
greater  quantity  than  Mr.  Lawes  had  previously  done,  reaching  to  the  amount  of 
7*11  lbs.  per  acre  in  the  year,  and  in  the  proportion  of  r228  parts  in  a  million  of 
water. 
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Paris  may  bring  down  as  much  nitnogen  as  is  contained  ia  the 
grain  of  an  average  crop  of  barley  or  wheat.  As  it  must  be  sup- 
posed that  a  good  deal  of  ammonia  and  mtric  acid  will  be  absorbed 
by  the  soil  from  the  atmosphere,  in  addition  to  what  is  brought 
down  by  rain,  it  appears  quite  conceivable  that  under  favourable 
circumstances  the  soil  and  plants  growing  upon  it  may  obtain  as 
much  nitrogen  from  the  atmosphere  as  will  suffice  for  many  of  the 
crops  usually  grown,  without  the  agency  of  other  manure — a  sup- 
position which  the  results  obtained  by  the  Rev.  Mr.  Smith,  at 
Lois-Weedon,  tend  to  justify.  And  the  above  calculations  would 
also  poiut  to  the  propriety  of  employing  mostly  mineral  manures 
in  the  immediate  neighbourhood  of  large  towns,  trusting  to  the 
atmosphere  supplying  the  greater  part  of  the  necessary  nitrogen 
and  carbonic  acid. 

Rain-water  then,  in  its  percolation  through  the  earth,  by  virtue 
of  the  oxygen  which  it  holds  condensed,  eminently  favours  the 
oxidation  of  the  mineral  and  organic  matters  of  the  soil ;  the 
former,  in  consequence  of  this  process,  is  brought  into  partial 
decomposition,  for  a  stone,  says  Dr.  MacCuUocfa,  is  gaierally 
disintegrated  by  the  oxidation  of  the  iron  it  contains,  while  the 
latter,  or  the  organic  matter,  is  thereby  made  to  pass  through  the 
various  stages  of  decay,  evolving  in  the  process  much  carbonic 
acid  and  also  ammonia.  The  rain  also,  by  virtue  of  the  carbonic 
acid,  ammonia,  nitric  acid,  and  salts,  which  it  holds  in  solution, 
dissolves  gradually  the  mineral  substances  of  the  soil,  and  enables 
them  thereby  to  be  taken  up  by  the  roots  of  plants,  and  it  also 
furnishes  directly  in  itself  much  nitrogen  in  a  form  fit  for  being 
assimilated  by  the  vegetable  organism,  and  it  may  further  pro- 
bably supply  sensible  quantities  of  salts  of  lime,  magnesia,  potass, 
soda,  &c.,  which  are  taken  up  by  the  action  of  the  wind  from  the 
waters  of  the  sea. 

This  would  seem  to  be  the  fittest  place  to  take  some  notice  of 
the 

Absorptive  Properties  of  Soils, — ^The  absorbent  powers  of  the 
ingredients  of  the  soil  depend  both  upon  the  kind  of  matter  of 
which  it  is  constituted,  and  also  upon  the  physical  and  mechanical 
conditions  under  which  that  matter  exists.  As  regards  the  absorp- 
tion of  gaseous  substances,  the  quantity  taken  up  will  depend  in 
a  great  measure  upon  the  amount  of  surface  with  which  the  body 
to  be  absorbed  can  come  in  contact.  Thus  anything  that  tends  to 
solidify  the  soil,  or  bring  its  particles  together  into  a  compact 
mass,  will  obstruct  its  powers  in  this  direction ;  and  on  the  other 
hand,  the  more  porous  and  finely  comminuted  the  soil  is  made, 
the  more  surface  will  be  brought  to  bear  upon  the  gaseous  matter. 
Thus  Mitscherlich  calculates  that  a  volume  of  one  cubic  inch 
filled  with  globules   not  exceeding  T^^i^.^^ith  of  an  inch  in 

2h2 
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diameter,  but  arranged  so  that  lines  passing  through  their  centres 
are  mutually  perpendicular  or  parallel,  will  present  a  surface  of 
218,166  square  feet,  and  he  considers  that  the  substance  called 
platinum  black  (platinum  in  a  degree  of  exceedingly  fine  separa- 
tion), may  possibly  offer  a  surface  of  this  extent.  I'he  cells  of 
charred  wood  are,  on  an  average,  T^HnFth  of  an  inch  in  diameter, 
according  to  the  same  high  authority,  and  its  surface  for  a  cube 
inch  would  therefore  by  calculation  be  equal  to  100  square  feet, 
supposing  the  charcoal  itself  to  occupy  no  space.  He  however 
found,  by  immersing  a  piece  of  charcoal  in  water,  that  only  \  of 
its  entire  volume  are  left  available  for  the  entrance  of  gases,  which 
would  give  a  surface  of  73  square  feet.  Now,  as  Saussure  found 
that  charcoal  absorbed  85  times  its  volume  of  carbonic  acid  at 
53°'6  F.,  and  at  a  pressure  of  26*895,  these  35  volumes  of  caar- 
bonic  acid  are  contained  in  the  space  which  forms  ^  of  the  total 
volume  of  the  charcoal,  and  consequently  56  times  less  than  the 
space  originally  occupied  by  the  carbonic  acid. 

But,  according  to  the  experiments  of  M.  Addami,  carbonic  acid 
becomes  liquid  at  a  pressure  of  36'7  atmospheres,  the  temperature 
being  53°'6  F. ;  we  are  therefore  led  to  conclude,  says  Mitscher- 
lich,  that  more  than  one-third  of  the  carbonic  acid  condensed  in 
the  pores  of  the  charcoal  is  in  a  liquid  state  on  the  walls  of  the 
cells.  {Mitscherlichy  Ann.  de  Chinu  et  de  Phys,,  1843.)  Ammo- 
niacal  gas,  which  liquefies  under  much  less  pressure,  is  absorbed 
in  far  greater  degree. 

All  porous  bodies  which  offer  a  considerable  surface  to  gases 
act  like  charcoal.  The  humus  of  the  soil  and  decayed  wood 
approach  very  nearly  to  charcoal  in  this  property — decayed  oak- 
wood,  according  to  Liebig,  absorbing  72  times  its  volume  of  am- 
moniacal  gas  after  having  been  completely  dried  in  the  air-pump. 
Platinum  black,  prepared  by  Davy's  method,  surpasses  all  other 
known  substances  in  this  property,  10  grains,  according  to  Do- 
bereiner,  condense  0*550  cube  inch  of  oxygen,  that  is  to  say,  one 
cube  inch  would  condense  253,440  cube  inches. 

The  property  which  some  bodies,  such  as  silica,  possess  of  con- 
densing the  humidity  of  the  air,  may  authorize  us,  says  Mitscher- 
lich,  to  conclude  that  they  are  adapted  for  condensing  gases ;  for 
in  the  same  manner  that  solid  bodies  attract  gases,  so  are  they 
also  capable  of  exercising  this  attraction  upon  liquid  bodies. 

It  will  be  seen,  therefore,  how  important  a  matter,  even  in  this 
respect  alone,  it  is  to  work  the  soil  when  it  is  in  a  suitable  state 
for  crumbling  down  and  pulverizing  under  the  action  of  the  plough 
or  other  implement  used,  and  not  to  turn  it  over  in  a  wet  clammy 
condition,  when  it  sticks  together  or  glazes  over  in  continuous 
solid  lumps.  The  disintegrating  effect  of  the  frost  upon  it  will 
be  also  appreciated. 


Action  of  the  Atmosphere  upon  newly-deepened  Soil.       449 

The  following,  from  Saussuie,  shows  the  absorptive  p6wer  of 
boxwood  charcoal  on  some  gases  :— 

1  volume  of  charcoal  absorbs  of— 

Yolnmes. 

Ammoniacal  gas 90 

Sulphuretted  hydrogen 56 

Carbonic  acid 35 

Olefiant  gas    .. 35 

Carbonic  oxide       9*42 

Oxygen 9*25 

Nitrogen         7*5 

Hydrogen        1'75 

The  following  table,  from  Schubler,  will  give  some  idea  of  the 
relative  absorptive  properties  of  different  kinds  of  earth  : — 

Moistare  absorbed  Oxygen  absorbed 

by  1 000  grains  of  dry  by  1000  grains  of  moist 

Earth  on  a  surface  Earth  In  30  days 

of  60  square  inches  in  from  16  cubio  inches 

72  hours.  of  Air. 

Grains.  Per  Cent. 

Siliceous  sand 0  1*6 

Gypsum  powder      1  2*7 

Calcareous  sand       3  5*6 

Arable  soil      23  16-2 

Sandy  clay      28  9*3 

;        Slaty  marl       33  ll'O 

Loamy  clay      35  11*0            ' 

Fine  lime         35  ..    ' ..      ..  lO'S 

Stiff  clay 41  13-6 

Grey  pure  clay        49  15'3 

Garden  mould         52  18'0 

Fine  magnesia 82  17*0 

Humus 120  20-3 

None  of  these  earths  absorbed,  any  oxygen  when  in  a  perfectly 
dry  state.  It  will  be  remarked  how  nearly  the  same  the  order  is 
in  which  they  absorb  these  two  substances. 

With  regard  to  the  property  of  the  earth  to  suck  in  moisture^ 
oxygen,  ammonia,  and  other  gases,  the  humus  or  organic  matter 
of  the  soil  is  found  to  have  a  more  powerful  effect  than  any  other 
ingredient,  although  clay,  oxide  of  iron,  and  magnesia,  are  also 
great  absorbers  ;  for  it  is  found  that  if  a  portion  of  earth  is  burnt 
and  its  humus  thus  volatilized,  while  the  oxide  of  iron  is  raised 
to  a  higher  degree  of  oxidation,  its  power  of  absorbing  oxygen 
becomes  considerably  diminished,  and,  according  to  Schubler,  in 
some  instances  disappears ;  and  Way  found  in  his  experiments 
that  the  power  of  a  soil  to  combine  with  auunonia,  filtered  through 
it  in  solution,  was  greatly  diminished  by  burning  it,  and  that  the 
more  strongly  the  soils  were  burnt  the  more  completely  was  their 
absorptive  power  destroyed,  whether  they  had  previously  contained 
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vegetable  matter  or  not    The  following  results  obtained  by  Leslie 
clearly  show  this  effect  in  regard  to  several  bodies  : — 

Degrees  of  Moiatme 
Kinds  of  Earth  thoroughly  Dried.  absorbed  from  Air 

at  aboat  60°  Fahr. 

Clay  very  highly  torrefied »      ..       8 

„     strongly  roasted      35 

Pipe-clay         .,. 85 

Silica  very  highly  torrefied 19 

„    soaked  in  water  and  dried  after  liigh  torre-l  gg 

fection J 

„    in  its  natural  state 40 

Whinstone  very  highly  torrefied 23 

„  in  its  natural  state     80 

yy         in  a  crumbling  state 86 

„  reduced  to  mould        92 

Carbonate  of  lime 70 

Shelly  sea-sand      70 

Searsand  from  a  sheep-walk 78 

„        cultivated       85 

Carbonate  of  magnesia ,75 

Alumina         84 

Garden  mould      95 

The  substances  were  dried  thoroughly  and  introduced  imme- 
diately into  a  phial  with  a  close  stopper;  the  powder  having 
undergone  that  preparation  was  thrown  into  a  very  large  wide- 
shaped  bottle,  and  shut  up  till  it  had  attracted  its  share  of  hu- 
midity from  the  confined  air ;  a  delicate  hygrometer  being  now 
let  down  into  the  bottle  indicated  the  measure  of  the  effect  pro- 
duced by  absorption.  {Leslie  on  Heat  and  Moisture,)  Leslie 
looked  upon  this  power  as  exactly  analogous  to  that  of  the  con- 
centrated acids  and  deliquescent  salts. 

As  the  greater  the  power  of  a  soil  to  contain  water,  the  more 
has  it,  in  general,  the  property  of  absorbing  moisture  when  diy, 
and  gaseous  matter  when  in  a  moist  state,  from  the  air,  I  hare 
extracted  the  following  results  from  the  examination  of  Gennan 
soils  by  Geiger,  Sprengel,  and  Schubler,  in  regard  to  their  power  of 
containing  water,  and  have  arranged  them  in  a  tabular  form  (p.  451), 
so  that  the  facts  contained  in  it  may  more  readily  catch  the  eye. 

It  will  be  seen,  therefore,  from  all  the  results  shown  in  the  Table, 
that  this  power  of  absorbing  moisture,  oxygen,  and  probably  other 
gases,  is  most  highly  developed  in  humus ;  that  day  also  stands 
high  in  the  list ;  and  that  siliceous  or  quartz  sand  is  very  clearly  de- 
ficient in  this  respect ; — that  much  moreover  depends  upon  the 
mechanical  condition,  for  whatever  tends  to  reduce  the*  substance 
to  a  state  of  fine  division  exalts  the  absorbent  power.  Davy,  for 
instance,  found  that  1000  grains  of  coarse  sand,  dried  at  212^  F., 
absorbed  from  a  moist  atmosphere  only  eight  grains  of  moisture, 
whereas  the  like  quantity  oi  fine  sand,  under  the  same  treatment, 
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Vineyard  soil 
Sterile  sandy 
Vineyard  soil 
Very  fertile  arable 
Vineyard  soil 
Sandy  soil,  pine  forest 
Superior  vineyard  soil 
Vineyard  soil 
Fertile  arable  soil 
Ditto      


Sterile  clay  soil     . . 
Fertile  arable  soil 
Vineyard  soil 
Fertile  arable  soil 

Ditto      

Good  meadow-land 

Ditto      

Very  fertile  black  soil 
Light  garden-mould    . . 

Ditto      

Very  light  soil 

Vegetable  garden-mould 

Black  sterile  turf 

Vegetable  leaf  soil 

Wood  soil  from  decayed  trees 

Very  light  sterile  brown  turf 


PSBCKKTAQS. 


Hmnos 

aud 
Volatile 
Matter. 


3-3 
4-2 

8- 
11-2 


8-8 
5-7 
5- 


4 

7 

7 

9 

5 

4 

6 
17 

18*6 
21' 

8-4 
30- 
76- 
33- 
47- 
89- 


Sand. 


much 
88- 
66' 5 
64-8 
54- 
77- 
60- 
44- 
28*8 
83*3 


77-8 
25«2 
5a« 
17*2 
17-3 
46* 
20-8 
1-2 
much 


Clay. 


little 


37- 
20- 
24- 
56- 
62* 


70-6 
46* 
64*7 
63'6 
46«7 
48- 
47- 
'remainder 


remainder 

10-8  [42-7 
remainder 

remainder 
reminder 


Lime 


Calcareons 
Sand. 


19* 
9-7 
9- 

some 

12-7 

0-4 

3-4 

1-8 


none 

1*2 

3- 
16*4 

4-1 

3* 
29-6 
33-8 

1-6 
15-5 
38- 
1I« 

16- 
10- 


5-7 


6*1 

Oxide 

of  Iron. 

8.1 


Power 

of 

containing 

Waten 


20- 

25- 

35-5 

35-7 

37- 

38*2 

40-7 

42- 

46-7 

49*2 


49-2 

50- 

63- 

61-3 

67*2 

78«1 

85* 

91-6 

100- 

106* 

124- 

155* 

179- 

203* 

210- 

366- 


took  ap  eleven  grains.  As  regards  the  humus,  its  absorbent 
power  would  appear  to  vary  according  to  its  origin,  Schubler 
having  found  that  derived  from  vegetable  substances  inferior  in 
this  respect  to  the  humus  arising  from  the  decay  of  animal  matter. 
It  would  seem,  then,  that  this  property  of  absorbing  gases  and 
vapours  from  the  atmosphere^  which  must  not  be  confounded  with 
the  property  of  removing  substances  in  solution  by  means  of  filtra- 
tion, is  probably  similar  in  its  nature  to  the  power  of  condensing 
substances  within  them  which  has  been  long  known  to  reside  in 
porous  or  finely  divided  bodies,  such  as  charcoal  or  platinum 
black. 

AV  itli  regard  to  the  comparative  extent  to  which  this  power 
may  reside  in  old  and  newly-raised  soils,  I  think  there  can  be 
little  doubt  that  long-cultivated  dry  soil,  highly  charged  as  it 
generally  is  with  humus,  and  having  its  particles  continually 
pulverized  by  the  operations  of  tillage  and  the  roots  of  plants, 
will  greatly  exceed  in  this  respect  raw,  newly-raised  soils  which 
have  long  lain  in  a  dead  compact  state  beneath  the  furrow.     The 
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ferruginous  earths  that  frequently  abound  in  some  subsoils  wiU, 
hpwever,  on  exposure  to  the  atmosphere,  take  up  ammonia  to  a 
considerable  degree  after  they  have  trumbled  down  under  the 
influences  of  frost,  rains,  and  drought 

This  power  of  drawing  in  the  ammonia  is  so  important  and 
interesting,  now  when  that  substance  has  been  demonstrated  te 
be  always  present  in  the  air,  that  some  farther  consideration  of 
it  seems  here  necessary.  It  has  been  seen  that  ammonia  is 
taken  up  by  porous  bodies,  and  by  water,  to  an  extent  greatly 
exceeding  the  other  gases  ;  it  may  therefore  be  expected  that  the 
soil  will  likely  be  able  to  condense  a  considerable  quantity  of 
it  within  its  pores,  for  ammonia,  being  a  highly  condensible  gas^ 
is  absorbed  by  solid  bodies  in  much  larger  proportions  than  air  or 
oxygen. 

Faraday  made  some  interesting  researches  on  this  subject 
owing  to  certain  remarkable  statements  made  by  Reiset,  who 
had  obtained  ammonia  from  substances  which  were  quite  desti- 
tute of  nitrogen,  and  who  had  assumed  that  the  nitrogen  of  the 
air  contained  in  their  pores  was  the  source  of  this  formation  of 
ammonia. 

Faraday  found  that  white  clay  from  Cornwall,  after  being 
heated  to  redness  and  exposed  for  a  week  to  the  air,  yielded 
ammonia  abundantly  when  heated  in  a  tube ;  and  that  sea-sand 
heated  to  redness  in  a  crucible  and  allowed  to  cool  on  a  plate  of 
copper,  on  being  afterwards  shaken  upon  the  hand  and  stirred 
about  there  for  a  few  moments  with  the  fingers,  was  found  to 
contain  ammonia  in  very  appreciable  quantity.  Some  asbcstus, 
in  like  manner,  heated  to  redness  and  afterwards  simply  pressed 
with  the  finger,  yielded  indications  of  ammonia  when  heated  m 
a  tube.  Faraday  also  ascertained  that  fused  potash  had  the 
power  of  absorbing  ammonia  from  the  air ;  and,  in  short,  that 
the  strange  results  of  Reiset  arose  from  this  overlooked  property 
of  many  bodies  greedily  absorbing  ammonia  from  the  atmosphere. 
(Quarterly/  Journal  of'  Science^  vol.  xix.) 

Bonis  showed  that  the  peculiar  odour  observed  on  moistening* 
minerals  containing  alumina  is  partly  owing  to  their  exhalii^ 
ammonia.  Boussingault  states  that  the  ferruginous  earths  in  the 
primitive  rocks  of  South  America  yield  ammonia  on  being 
heated,  and  Berzelius  found  the  same  to  be  the  case  in  those  of 
Sweden;  and  Braconnot  has  shown  that  most  basalts,  trap, 
granite,  syenite,  hornblende  rock,  and  many  other  minerals, 
yield  by  dry  distillation  water  containing  a  sensible  quantity  of 
ammonia.  Soils,  therefore,  derived  from  such  minerals  will 
absorb  a  good  deal  of  ammonia,  even  although  they  do  not  contain 
much  organic  matter. 

Whinstone,  wliich  is  a  Scotch  term  for  greenstone  and  other 
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like  varieties  of  trap  rock,  it  will  be  remembered,  was  found  by 
Leslie,  when  reduced  to  a  state  of  mould,  to  stand  next  to  gar- 
den-mould in  its  power  of  absorbing  moisture.  Oxide  of  iron, 
wliich  occurs  in  large  quantities  in  these  minerab,  has  been 
found  by  all  investigations  to  have  a  great  attraction  for  am- 
monia. 

If,  therefore,  the  earth  contains  much  humus,  alumina  or  clay, 
oxide  of  iron,  or  magnesia,  in  a  state  of  fine  division,  its  power 
of  absorbing  gaseous  matters  from  the  air  will  probably  be  good. 

Rose  bas  also  observed  that  some  sulphates  possess  the  pro- 
perty of  absorbing  ammonia  and  of  forming  with  it  definite  com- 
pounds, which,  unlike  the  sulphates  of  ammonia  pre|>ared  in  the 
moist  way,  contain  no  water  of  crystallization,  and  easily  give 
out  again  the  ammonia  contained  in  them.  They  are  formed  by 
placing  the  anhydrous  sulphate  in  a  glass  tube,  and  transmitting 
over  it  at  common  temperatures  ammoniacal  gas,  well  dried  by 
fused  potassa,  as  long  as  any  increase  of  weight  is  observed; 
some  sulphates  absorb  the  gas  very  rapidly  at  first,  and  with  dis- 
engagement of  heat,  but  the  absorption  afterwards  becomes  slow, 
and  requires  a  day  or  two  to  be  complete.  The  salts  most  re- 
markable for  this  property  are  those  which  in  solution  are  dis- 
posed to  unite  with  ammonia.  This,  it  will  be  observed,  is 
quite  a  different  property  from  the  mere  condensation  of  the  gas 
within  a  porous  body;  here  there  would  appear  to  be  some 
chemical  action. 

Rose  compares  these  compounds  to  hydrates :  water  acts  as  a 
feeble  base  to  saline  compounds,  combining  with  some  in  one  or 
more  proportions,  and  not  at  all  with  others,  differing  greatly  in 
the  ratio  in  which  it  combines  with  different  salts,  and  being 
abandoned  with  great  facility.  The  same  features  characterize 
the  combination  of  ammonia  with  the  anhydrous  sulphates. 
{Pog-  Annalen^  xx.  149.) 

Rose  also  found  that  sulphates  are  not  the  only  salts  which 
absorb  ammonia ;  some  nitmtes  also  possess  that  property,  and 
the  nitrate  of  the  oxide  of  silver  absorbs  it  with  such  rapidity, 
and  the  corresponding  increase  of  temperature  is  so  great,  that  the 
salt  enters  into  fusion. 

Relating  as  this  paper  does  to  the  action  of  the  atmosphere, 
the  power  of  soils  to  combine  with  and  remove  substances  from 
solution  seems  less  connected  with  its  object;*  and  as  Professor 
Way  has  so  fully  treated  the  matter  in  recent  numbers  of  the 
Journal,  there  is  less  occasion  for  here  touching  upon  it. 
Some  of  the  results  arrived  at  may,  however,  be  alluded  to. 
"  Soils  were  found  to  possess,"  says  Way,  "  in  a  greater  or  less 

*  This  remarkable  property  was  obsenredby  Mr.H.  S.Tbompion  in  1845;  Mid 
the  subject  has  since  beeu  perse veringly  followed  by  Mr.  Way. 
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degree,  the  power  of  removing  from  solution  ^in  water  certain 
animal  and  vegetable  substances,  but  still  more  the  alkaline 
bases  ammonia  and  potash,  and  the  earths  magnesia  and  lime. 
These  bases  the  soils  were  capable  of  separating  from  their  salts, 
and  retaining  more  or  less,  in  spite  of  the  action  of  water."  And 
experimenting  upon  silicates  artificially  prepared,  the  same 
chemist  found  that  ammonia  could  be  removed  by  soils  from 
solution  in  water  in  virtue  of  their  containing  either  the  double 
lime  or  the  double  soda  silicate — the  two  double  silicates  sup- 
posed to  be  most  usually  present — whereas  it  was  found  that  the 
lime  salt  alone  was  capable  of  removing  ammonia  from  its  at* 
mospheric  solvent.  Professor  Way,  therefore,  concluded  that  to 
these  double  silicates  this  power  of  absorbing  and  combining 
with  substances  from  solution  is  probably  dne. 

I  may  here  insert  the  following  short  table,  extracted  firom 
some  of  Way's  experiments,  and  which  should  have  come  in  at 
a  previous  page.  It  shows  the  amount  of  ammonia  absorbed  by 
1000  grains  oif  different  kinds  of  soils,  exposed  on  a  sheet  of 
paper  to  a  moist  atmosphere  charged  with  carbonate  of  am- 
monia : — 


Gravelly 

Soil 

4  feet 

below 

the 

Surface. 

Gault 
Oay 
after 
Trench- 
lug. 

Gaolt 
Clay 
4  feet 
deep. 

Top  Soil 

of  Londm 

Clay. 

4890 
percent 
of  Sand 

London 

Clay, 

3ftetdeep, 

21-9S 
per  cent 
of  Sand. 

London 

Ammonia  in  1000  grains  of 
natural  soil     

Ammonia  in  1000  grains  of 
soil  after  exposure  to  at- 
mosphere of  ammonia  .. 

|o-iio 

|l-097 

0-127 
2-615 

0-083 
2-028 

0*293 
1-906 

0-182 
2-557 

0-085 
3*286 

Amount  of  Mnippnia 
absorbed 

|o-987 

2-48S 

1-945 

1-613 

a-375 

3-SOl 

It  will  be  observed  in  the  three  last  columns  that  in  the  case 
of  the  London  clay  the  under  soil  absorbed  more  ammonia  than 
the  surface — a  result  apparently  adverse  to  tlie  opinion  which  I 
expressed,  that  the  surface-soil  would  be  a  better  absorber  than 
the  subsoil  ;  but  in  this  case  the  result  is  evidently  owing  to  the 
much  less  amount  of  sand  found  below,  and  probably  has  nothing 
to  do  with  the  amount  of  humus  or  organic  matter;  sand  being, 
as  has  been  abundantly  shown,  a  very  bad  absorber. 

Action  of  Organic  Acids, — The  effect  of  these  upon  the  soil 
in  hastening:  the  decomposition  and  dissolution  of  the  mineral 
matter  is  probiibly  sometimes  considerable;  they  may  be  con- 
sidered as  originating  from  the  influence  of  the  oxygen  of  the 
air  upon  the  carbonaceous  matters  of  the  soil,  and  therefore  any 
effects  produced  by  them  may  be  viewed  as  indirectly  proceeding 
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from  the  atmosphere.  The  bleached  and  whit^Eied  appearance  of 
stones  that  have  lain  amongst  peat  is  familiar  to  many  ;  this  may 
be  supposed  to  arise  from  the  acids  of  the  peat  dissolving  out  the 
iron  or  colouring-matter  of  the  mineral. 

Professor  Johnston,  of  Durham,  drew  some  attention  to  this 
action  of  the  organic  acids  in  a  communication  to  the  British 
Association,  without  however  doing  much  to  the  elucidation  of 
the  subject ;  he  adduced  the  instance  of  the  mineral  pigotite^ 
formed  in  the  caves  of  Cornwall  by  water  dripping  from  the 
roof.  This  water  contains  a  peculiar  organic  acid,  derived  from 
the  soil  of  the  moors,  which  dissolves  the  alumina  of  the  granite 
and  combines  with  it.  Scarcely  anything,  however,  appears  to 
be  known  about  the  matter,  and  it  therefore  need  not  longer 
detain  us. 

As  the  nature  of  the  changes  wrought  upon  the  various  oxides 
and  earthy  salts  of  which  the  soil  is  composed  must  depend 
greatly  upon  the  constitution  of  the  mixture  of  mineral  substances 
from  which  this  earthy  matter  has  been  derived,  it  will  be  pro- 
per to  examine  some  of  the  geological  and  mineralogical  features 
which  the  surface  of  this  country  presents. 

It  is  found  that  the  whole  of  Scotland,  and  the  north  and 
middle  divisions  of  England  and  Ireland,  with  the  exception  of 
the  higher  hills,  are  covered  more  or  less  deeply  with  a  super- 
ficial deposit  of  clay,  gravel,  and  loam  (containing  in  many  places 
large  blocks  and  stones),  out  of  which  the  agricultural  soil  of  the 
country  is  derived.  This  soil  consists  of  the  debris  of  minerals 
in  a  greater  or  less  state  of  disintegration,  together  with  fragments 
of  undecomposed  minerals  and  a  variable  amount  of  organic 
matter.  The  soil,  therefore,  is  generally  just  the  subsoil  phis 
organic  matter.  This  organic  substance,  or  earthy  mould,  is 
chiefly  carbonaceous  material  derived  from  the  decay  of  vegetable 
and  animal  bodies. 

The  superficial  deposit  to  which  I  have  adverted  is  known 
o^eologically  by  various  names :  as  the  northern  drift,  boulder 
formation,  erratic  tertiaries,  diluvium,  and  till ;  and  recent  inves- 
tigation has  demonstrated  that  at  the  time  of  its  deposition  the 
land  now  covered  by  it  was  submerged  below  a  glacial  or  icy  sea, 
a  bo  AC  which  rose  the  summits  of  our  highest  hills  in  the  shape 
of  islands.*  The  physical  conditions  of  this  area  have  bpen 
thought  very  similar  to  those  that  at  present  prevail  on  the  north- 
eastern coasts  of  America,  within  the  line  of  summer  floating  ice. 
The  limits  of  the  region  have  not  everywhere  been  ascertained, 
but  the  late  Professor  Edward  Forbes  draws  the  boundary  across 

*■  It  will  be  seen  that  I  am  speaking  here  in  a  general  sense.  Many  river-valleys 
contaih  superficiul  accumulations  newer  than  the  drift ;  and  in  other  localities  it 
may  not  always  occupy  the  surface.    The  phenomena  of  ice,  also,  may  not  have 

prevailed  during  the  whole  time  of  its  deposition. 
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the  southern  half  of  Ireland  and  England,  continuing  it  eastward 
so  as  to  strike  against  the  Ural  chain  of  Russia  ;  thus  including 
almost  the  whole  of  Central  and  Northern  Europe.  {Mem.  of 
Geological  Survey^  i.  351.)  This  elevated  sea-bottom,  then,  now 
presents  itself  in  the  form  of  great  sheets  of  clay,  gravel,  sand, 
mud,  and  loamy  earth,  either  stratified  or  unstratified,  with  here 
and  there  the  subjacent  rock  peeping  through.  It  varies  gi'eatly 
in  different  localities  both  as  to  quality  and  thickness,  and  oc* 
cupies  all  altitudes,  from  the  sea-level  up  to  1400  or  1500  feet, 
the  clays  and  marls  being  generally  inferior  to  the  gravels.  This 
mass  in  any  one  locality  is  in  general  mainly  derived  from  the 
rocks  in  the  quarter  of  the  country  where  it  is  situated,  but  con- 
tains often  a  multitude  of  miscellaneous  materials  which  have 
come  frequently  from  a  great  distance,  and  that  from  a  north 
direction,  or  from  points  to  the  east  or  west  of  north.  Thus, 
above  the  chalk  rocks  it  may  be  chiefly  composed  of  the  debris 
of  that  formation  ;  over  the  old  red  sandstone,  chiefly  of  ma- 
terials of  the  Devonian  kind  ;  over  limestone  mostly  of  calcai^out 
matter ;  and,  in  the  north  of  Scotland,  in  a  great  measure,  of  the 
component  parts  of  the  primary  and  trap  rocks.  But  although  in 
the  south-eastern  counties,  such  as  Cambridge,  Suffolk,  Essex, 
&c.,  there  will  be  often  many  fragments  whose  source  must  be 
looked  for  in  the  far  north,  amongst  the  hills  perhaps  of  North- 
umberland or  Inverness,  yet  we  never  find  materials  from  the 
middle  of  England  in  the  north  ;  never,  for  instance,  boulders  of 
chalk  in  the  till  of  Perthshire. 

Although  in  some  places  no  foreign  matter  is  to  be  met  witb, 
yet  we  find  this  heterogeneous  mixture  extending  south  as  far 
as  even  the  suburbs  of  London ;  but  beyond  the  metropolis,  in 
Surrey,  Kent,  Sussex,  and  other  parts  of  the  southern  division  of 
the  kingdom,  the  boulder  clay  is  wanting ;  and  although  super- 
ficial deposits  are  to  be  met  with  in  parts  of  even  the  southern- 
most counties,  yet  they  seem  less  general  and  of  a  different 
character,  and  in  many  districts  the  soil  seems  to  be  derived 
immediately  from  the  subjacent  rock. 

We  have,  therefore,  in  Britain  the  greater  portion  of  the  surface 
occupied  with  this  mixed  deposit,  and  a  comparatively  small 
area  in  the  south  without  it.  This  latter  portion  may  have  pro- 
bably been  in  part  land  during  the  glacial  epoch,  and  it  is  only 
in  it  that  we  may  with  some  greater  degree  of  certainty  expect  to 
find  the  arable  soil  characteristic  of  the  rocks  which  lie  imme- 
diately below  it.  Fortunately  part  of  this  area  has  been  explored 
by  the  Geological  Survey,  and  the  results  given  to  the  public. 
Accordingly,  we  find  Sir  Henry  De  la  Beche,  in  speaking  of  the 
surface  of  Cornwall,  Devon,  and  West  Somerset,  say — "The 
fertility  of  the  district  is  found  to  vary  most  materially,  and, 
taking  the  geological  map  in  our  hand,  we  ascertain  that  this 
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variation  coincides  very  generally  with  the  bonndary-lines  of  the 
different  formations ;  so  that,  if  the  scale  be  suflBciently  large,  the 
relative  fertility  may,  in  some  cases,  be  traced  even  across  fields, 
portions  of  them  being  far  mote  productive  than  others." 

Although  the  varieties  of  geological  strata  are  almost  endless, 
yet  they  are  found  to  be,  for  the  most  part,  ultimately  derived 
from  a  few  kinds  of  simple  minerals,  such  as  quartz  or  silica, 
felspar,  mica,  hornblende,  limestone,  &c. ;  and  the  best  way  to 
serve  the  purposes  of  this  paper  seems  to  be  to  take  up  each  of 
these  in  succession,  and  show  how  it  is  affected  by  the  atmos- 
pheric influences.  To  save  space,  their  chemical  composition, 
derived  from  the  examination  of  the  best  analysts,  is  given 
togrether  in  one  Table. 
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The  disintegration  and  changes  brought  about  upon  lodcs  and 
minerals  are  due  both  to  chemical  and  mechanical  causes,  the 
latter  being  chiefly  frosts,  alternations  of  temperature,  and  attri- 
tion or  friction.  As  the  most  widely-dispersed  and  abundant 
mineral  body  I  shall  commence  with — 

Q^artZf  which,  when  it  is  quite  pure,  is  silica,  a  compound  of 
the  elements  silicon  and  oxygen  in  the  following  proportions: — 

Silicon        4804 

Qxvsen      51-96 


10000 


In  this  state  it  can  be  hardly  affected  by  the  chemical  agency  of 
the  atmosphere,  being  insoluble  in  acids  except  the  fluoric ;  when 
finely  powdered  it  is  partly  soluble  in  solution  of  potash ;  any 
wearing  down  of  it  must  therefore  be  principally  due  to  attrition 
and  mechanical  friction.  Silica  is,  however,  less  abundant  in 
this  pure  state  than  in  combination  with  some  of  the  earthy  or 
alkaline  bases  forming  silicates,  in  which  it  plays  the  part  of  a 
weak  acid  ;  and  even  when  forming  a  mineral  by  itself  it  fie- 
quently  contains  an  appreciable  amount  of  oxides  of  iroQ  or 
titanium,  of  lime,  alumina,  and  other  substances.  Silica  has  been 
estimated  by  De  la  Beche  to  constitute  45  per  cent,  of  the  mineral 
crust  of  the  globe  {^Researches  on  Theoretical  Geology^  p.  8)  ;  it  is 
therefore  worthy  of  some  attention,  the  more  so  as  it  is  a  neces- 
sary ingredient  in  many  plants,  and  also  essential  to  some 
animals.  Although  in  its  pure  crystalline  state  it  is  one  of  the 
most  refractory  substances,  it  is  yet  in  some  of  its  combinations 
clearly  subject  to  the  solvent  efiects  of  the  atmosphere  and  rains, 
as  it  is  found  in  the  stems  of  our  grain  crops,  and  must  therefcyre 
enter  their  rootlets  in  a  liquid  form.  It  is  well  known  as  in  solution 
in  some  thermal  springs.  The  Geysers  of  Iceland,  it  has  been 
seen,  contain  0'50  of  silica  in  1000  parts  of  their  waters,  and 
their  siliceous  deposits  extend  to  half  a  mile  in  various  directions, 
with  a  thickness  of  more  than  12  feet.  (Sir  Geo.  M*Kenzie, 
Travels  in  Iceland,)  Professor  Bunsen  states  that,  in  the  waters 
of  the  great  Geyser  the  silica  is  dissolved  in  the  water  by  alka- 
line carbonates,  and  in  the  form  of  a  hydrate  ;  is  not  precipitated 
on  cooling  the  water,  and  it  is  only  on  evaporation  that  it  is 
deposited  in  the  form  of  a  thin  film  on  the  moistened  sides  of 
the  vessel,  where  evaporation  to  dryness  takes  place,  while  the 
fluid  is  not  rendered  turbid  by  hydrated  silica  until  the  concen- 
tration is  far  advanced.  Messrs.  Paine  and  Way  also,  in  their 
paper  on  the  silica  strata  of  the  lower  chalk,  have  shown  that 
certain  strata  in  England,  at  the  base  of  the  chalk  formation,  con- 
tain a  large  proportion  of  soluble  silica,  varying  from  5  to  70 
per  cent.,  60  per  cent,  being  in  some  places  quite  common,  asso- 
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elated  frequently  with  carbonate  of  lime ;  and  that  the  solnble 
silica  in  these  rocks  is  dissolved  ont  widi  perfect  ease  by  boiling 
them  in  solution  of  potash  or  soda ;  and  they  point  out  that  soils 
derived  from  these  strata  are  celebrated  for  their  fine  crops  of 
wheat  and  the  strength  of  the  straw  grown  upon  them. 

Professor  Fuchs  has  shown  that  silica  exists  in  minerals  in 
two  conditions,  a  crystallized  and  an  amorphous  one,  and  that  in 
the  latter  it  is  much  more  readily  acted  upon  by  solvents  than  in 
the  former. 

A  communication  was  made  to  the  Royal  Society  by  Julius 
Jeffreys,  to  the  eifect  that  siliceous  materials  exposed  to  the 
action  of  steam  at  high  temperature  were  pardally  consumed,  and 
a  siliceous  crust  deposited  on  several  vessels  placed  in  the  upper 
part  of  the  furnace,  which  crust  was  re-dissolved  when  again 
subjected  to  a  hotter  steam.  (Proceedings  of  Royal  SoCy  iv.  233.) 
Dr.  Wollaston  also  had  observed  that  steam  under  high  pressure 
becomes  a  rapid  solvent  of  alkaline  silicates  ;  and  Dr.  Turner 
found  that  glass  exposed  to  the  vapour  issuing  from  a  high-pres- 
sure engine  was  rapidly  corroded,  rock  crystal  remaining  un- 
changed, and  that  the  sUica  taken  up  was  again  deposited  in  a 
beautiful  stalactitical  form.  {Proce^ings  of  Geohg.  Soc,j  ii.  95.) 
Turner  also  showed  that  rain-water  must  have  the  power  of  dis- 
solving silica  by  contrasting  the  chemical  composition  of  felspar 
Avith  that  of  the  porcelain  clay,  or  kaolin,  which  results  from  its 
decomposition,  pointing  out  that  the  water  had  carried  oflF  in 
some  way  all  the  potass,  and  8^  out  of  12  proportions  of  silica, 
leaving  all  the  alumina  and  the  remainder  of  the  silica  untouched. 
{PhiL  Mag.  1833,  vol.  iii.  p.  20.)  Dr.  MacCuUoch  also  found 
an  interesting  case  of  the  artificial  sublimation  of  silica  by  a 
strong  heat,  in  which  it  was  deposited  in  the  state  of  fine  crystals, 
but  he  was  unable  to  reproduce  the  results.  (Trans,  of  Geological 
Soc,^  1st  series,  ii.  275.) 

When  glass  contains  70  per  cent,  of  silica  and  30  per  cent,  of 
potasli  or  soda,  it  becomes  soluble  in  boiling  water,  and  may  be 
spread  over  any  surface  like  varnish,  the  solubility  of  it  varying 
according  to  the  proportion  of  the  alkali  it  is  combined  with. 
When  a  silicate  is  dissolved  in  water  it  is  easily  decomposed  by 
the  addition  of  an  acid,  even  the  carbonic,  which  displaces  it  from 
the  base  with  which  it  is  united,  leaving  it  free.  The  resulting 
precipitate  of  silica  has  a  gelatinous  appearance,  and  is  to  a  cer- 
tain extent  soluble  in  even  pure  water ;  if  this  gelatinous  sub- 
stance, or  hydrate  of  silica,  is  dried,  it  presents  the  appearance 
of  a  white  powder,  and  loses  altogether  its  solubility  on  being 
strongly  heated.  The  decomposition  of  the  silicates  of  the  soil 
is  therefore  probably  effected  by  the  action  of  the  carbonic  acid, 
whicli  has  been  shown  to  be  so  plentifully  generated  therein,  and 
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in  this  manner  it  is  likely  assimilated  by  plants.  Way  has 
pointed  out  that  ammonia  displaces  the  other  bases  that  may  be 
in  combination  with  silica,  thus  forming  a  silicate  of  ammonia, 
which  is  gradually  soluble  in  water,  and  by  whose  decomposition 
the  silica  would  be  yielded  in  a  state  suitable  for  the  organs  of 
plants. 

Silica,  therefore,  exists  in  the  soil  in  several  forms  and  com- 
binations ;  under  some  of  these  it  is  little  affected  by  the  atmos- 
pheric influences,  but  under  others  it  is  susceptible  of  a  gradual 
dissolution,  slow  it  is  true,  but  still  perhaps  sufficient  in  many 
cases  for  the  wants  of  the  cultivated  plants.  By  depriving  silica 
of  its  oxygen,  through  the  agency  of  potassium,  or  of  some 
powerful  deoxidiser,  its  remaining  element,  silicon,  is  obtained-^- 
a  dark  brown  substance,  incapable  as  yet  of  further  decomposi- 
tion, and  therefore  reckoned  amongst  the  simple  or  elementary 
bodies. 

Flinty  one  of  the  varieties  of  quartz,  is  abundant  in  many 
English  soils,  being  derived  principally  from  the  chalk  formation ; 
it  often  encloses  organic  remains,  such  as  shells,  sponges,  and 
infusoria.  The  exterior  coat  of  it  is  often  white,  containing, 
according  to  Vauquelin,  5  to  10  per  cent  of  carbonate  of  lime. 
The  interior  is  silica,  mixed  with  a  varying  proportion  of  lime, 
peroxide  of  iron,  alumina,  potash,  and  carbonaceous  matter. 
Flint  may  be  dissolved  by  steam  of  a  high  temperature. 

Felspar  is  another  of  the  most  abundant  ingredients  of  the 
crust  of  the  earth,  and  as  it  is  frequently  one  of  the  most  rapidly 
decomposing  minerals,  the  atmospheric  modifications  of  the  soil 
are  often  due  in  a  great  measure  to  its  changes.  There  are  four 
principal  kinds  of  it,  the  orthoclase  or  potash  felspar  being  the 
most  common  in  the  granitic  and  plutonic  rocks,  while  the  soda 
and  lime  species,  albite,  labradorite,  and  oligoclase,  are  more 
prevalent  in  the  volcanic  products  ;  labradorite  appearing  to  cha- 
racterize the  basaltic  division  of  the  volcanic  rocks,  and  glassy 
felspar  the  trachytic  division. 

Orthoclase,  or  common  felspar,  may  be  looked  upon  as  a 
combination  of  silicate  of  alumina  with  silicate  of  potash.  These 
silicates,  as  they  occur  in  nature,  differ  widely  in  the  facility 
with  which  they  are  decomposed.  "  The  granite  of  Corsica  and 
the  felspar  of  Carlsbad,"  says  Liebig,  "  crumble  into  dust  in  a 
space  of  time  during  which  the  polished  granite  of  the  Berg^ 
strasse  does  not  even  lose  its  lustre."  In  many  places  here*  the 
granite  may  be  seen  for  several  feet  down  so  decomposed  that  it 
may  be  dug  with  a  spade,  whilst  the  features  of  the  colossal 
monuments  of  Egypt  remain  unchanged,  although  the  storms  of 

*  In  the  neighbourhood  of  Ellon,  Aberdeenshire. 
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thirty  centuries  have  beaten  over  them.  The  crumbling  of  granite 
seems  almost  always  owing  to  the  decomposition  of  the  felspar, 
the  silicate  of  potash  dissolving  out  while  the  earthy  silicate  of 
alumina  remains  behind  in  combination  with  two  atoms  of  water 
falling  down  into  a  white  powder. 

Although  the  decay  of  felspar  is  generally  referred  to  the 
carbonic  acid  of  the  atmosphere  and  the  solvent  power  of  water 
containing  that  agent,  it  appears  not  improbable  that  the  am- 
monia and  nitric  acid  of  the  air  may  also  have  a  share  in  pro- 
ducing this  effect.  Way  has  shown  that  the  silicates  have  the 
property  of  absorbing  ammonia,  and  that  it  displaces  several  of 
the  other  bases.  It  is  true  he  found  the  natural  silicates  finely 
powdered  did  not  combine  with  the  ammonia  of  a  solution  of 
sal-ammoniac,  but  he  observed  that  in  these  bodies  artificially 
produced,  the  silicates  of  potash,  soda,  and  lime,  were  all  de- 
composed by  ammonia :  now,  as  the  ammonia  of  the  atmosphere  is 
considered  to  be  in  the  form  of  a  carbonate,  it  may  act  with 
increased  force  by  the  carbonic  acid  seizing  the  base,  such  as 
lime  or  potash,  while  the  ammonia  combines  with  the  silica, 
forming  silicate  of  ammonia  and  carbonate  of  potash,  soda,  or 
lime,  as  the  case  may  be,  thus  giving  rise  to  a  double  decom- 
position : — 

Silica- ^ —  Carbonic  acid. 

Potash- — ■ —  Ammonia. 

Both  the  new  compounds  being  soluble  would  be  gradually 
washed  away,  leaving  the  silicate  of  alumina  behind.  Be  this 
however  as  it  may,  the  felspar  ih  the  course  of  the  changes 
brought  about  gradually  loses  its  transparency  and  lustre,  the 
surface  becomes  dull  and  earthy,  and  at  length  it  falls  down  into 
a  powder.  This  powder  forms  the  kaolin  or  porcelain  clay  ;  its 
composition  is  somewhat  variable,  but  approximates  to — 

Silica        47-2 

Alumina 39*1 

Water      13-7 

100-0 

A  little  iron  and  lime  generally  remains,  and  frequently  some 
potash  or  soda,  according  to  what  was  the  original  constitution  of 
the  mineral,  and  the  degree  of  completeness  with  which  the 
alkalies  have  been  washed  out.  The  following  Table  (p.  462) 
contains  analyses  of  some  varieties  of  porcelain  clay. 

A  comparison  of  these  with  the  analyses  given  of  felspar  will 
at  once  show  what  has  taken  place.  When  the  removal  of  the 
alkalies  has  been  complete,  or  nearly  so,  a  poor  sterile  clay  will 
be  the  consequence,  but  it  is  rarely  that  the  alkaline  silicate  is 
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Lime        
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Insoluble  matter  and  talc 


71-42 

26-07 

1-93 

0-13 

0-45 


46-8 
37*3 


2-5 
trace 
13-0 


47-20 
38*80 

0-24 
1-76 

12*00 


39-55 
38*05 


1*45 

12*50 

8*70 


46-46 
36*37 

1*47 
13*61 


altogether  dissolved  out.  Forchammer  considers  that  the  yellow 
clay  of  Denmark  consists  of  granite,  the  felspar  of  which  has 
been  altered,  whilst  its  mica  remains  unchanged,  its  quarts 
forming  the  sand  of  the  clay ;  while  the  blue  clay  results  from 
syenite  and  greenstone,  which  have  no  mica.  The  clay  derived 
from  the  potash  felspar  is  wanting  in  lime,  and  not  so  favourable 
to  vegetation  as  that  from  minerals  which  contain  both  lime  and 
potash  or  soda.  The  red  colour  of  the  clay  is  owing  to  the 
presence  of  peroxide  of  iron.  In  the  blue  clays  the  colour  would 
appear  to  be  occasionally  owing  to  carbonaceous  matter  acting 
on  this  peroxide  and  converting  it  back  into  the  dark  protoxide. 
Thus,  below  beds  of  peat,  even  in  districts  where  the  day  IM 
otherwise  red,  a  blue-coloured  clay  is  usually  found ;  and  beneath 
vegetation  red  marls  and  sandstones  are  sometimes  seen  converted 
into  a  green  or  bluish-green  colour,  the  carbonaceous  matter  ab- 
stracting part  of  the  oxygen.  (2>e  la  Beche,)  An  interesting 
instance  of  this  occurred  in  the  parish  of  Culsamond,  in  this 
county.  In  cutting  a  ditch  about  8  feet  below  the  surface,  large 
quantities  of  bog-iron  ore  (hydrated  oxide  of  iron)  were  found 
mixed  with  decayed  oak  wood.  The  mixture  was  of  a  beautiful 
light-blue  colour  in  consequence  of  the  action  of  the  iron  and 
vegetable  matter  on  each  other.  (^Stat.  Account  of  Aberdeenshire^ 
p.  730)  Another  instance  was  observed  by  the  writer  in  his 
own  house ;  during  wet  weather  a  little  rain-water  had  come  in 
at  a  skylight  window,  and  trickling  over  a  piece  of  rusty  iron 
dropped  upon  a  wooden  floor.  This  water,  impregnated  with 
the  iron  rust  (peroxide),  gave  the  wood  at  first  a  brownish-red 
colour,  but  after  a  time  the  carbonaceous  matter  of  the  wood 
acting  upon  the  iron  abstracted  part  of  the  oxygen,  and  converted 
the  spot  into  a  dark-bluish  green  stain. 

The  shales  and  slate -clays  of  the  sedimentary  rocks  may  be 
viewed  as  arising  in  the  same  way  as  the  other  clays  spoken  of, 
viz.  by  the  decomposition  of  felspar  and  other  silicates.  They 
will  vary  in  fertility  according  to  the  amount  of  alkalies  that 
remain  in  them ;  they  are  also  often  impregnated  with  foreign 
matters,  bitumen,  organic  remains,  &c. 


Action  of  the  Atmosphere  upon  vewtt^eepemed  SoU^       463 

The  felspar  seems  to.  give  way  often  more  readily  than  even 
horneblende ;  thus  I  have  in  my  possession  specimens  of  syenitic 
greenstone,  struck  off  the  outside  of  a  large  weather-worn  boulder, 
havino^  the  surface  covered  with  protuberances  o£  horneblende,. 
the  felspar  that  originally  lay  between  having  been  all  decom* 
posed  and  washed  away  by  the  rains  ;  and  tracts  of  rotten  granite, 
as  has  been  said,  are  of  not  unfrequent  occurrence  in  this  quart^^ 
decayed  into  an  earthy  gravel,  apparently  by  the  loosening  of 
the  felspathic  paste  in  which  the  crystals  of  quartz  are  imbedded. 
This  stuff  is  much  in  request  for  garden  walks,  for  which  it  is 
often  well  suited  by  its  whiteness. 

Mica. — The  most  common  kind  is  the  potash  mica.  Its  chemi- 
cal composition  is  very  variable,  but,  according  to  L.  Gmelin, 
approaches  to  three  parts  of  silicate  of  alumina  with  one  of  sili* 
cate  of  potash,  part  of  the  potash  being  occasionally  replaced  by 
protoxide  of  iron  or  manganese,  and  the  alumina  by  the  peroxide 
of  these  metals.  The  lithia  and  magnesia  micas  are  much  less 
frequent.  Mica  is  a  'common  ingredient  in  granite,  gneiss,  and 
many  slates  and  crystalline  rocks,  and  is  one  of  the  most  generally 
distributed  minerals.  It  seems  to  decompose  slowly,  apparently 
owing  to  the  small  proportion  of  alkali  it  contains.  Dr.  Paris  has 
remarked  that  the  relative  proportion  of  the  mica  would  seem  to 
have  an  effect  upon  the  character  of  the  soils  derived  from  the 
granite  in  Cornwall,  tending  to  render  them  less  fertile,  an  observa- 
tion which  is  confirmed  by  De  la  Beche.  The  action  of  the 
atmosphere  upon  it  is  apparently  similar  to  what  takes  place  in 
felspar,  the  ultimate  result  being  a  clay,  the  potash  or  magnesia 
dissolving  out. 

Of  these  three  minerals — quartz,  felspar,  and  mica — ^are  com- 
posed all  the  granites,  gneiss,  mica-slate,  quartz-rock,  and  many 
sandstones,  conglomerates,  and  porphyries.  Common  granite  is 
composed  of — 

Quartz 40* 

Orthoclase  felspar 40* 

Mica       20- 

100- 

— the  proportions  in  gneiss  being  somewhat  similar.  Mica-slate 
is  often  almost  wholly  composed  of  mica,  or  of  that  substance  and 
quartz  ;  while  quartz-rock  and  many  sandstones  are  little  else  but 
impure  varieties  of  quartz. 

Chlnnte^  Talc^  Steatite^  Serpentine. — These  are  all  members  of 
ihe  mica  family,  are  abundant,  widely-dispersed  minerals,  and 
agree  in  containing  a  large  proportion  of  magnesia. 

Chlorite  is  frequently  found  in  granite,  gneiss,  porphyries,  and 

2i2 
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amygdaloids,  sometimes  replacing  mica.  Chlorite-slate  fonns 
many  mountains  in  Scotland.  The  chemical  composition  of 
chlorite  Is  somewhat  various,  but  may  be  considered  a  combinft-> 
tion  of  silicate  of  alumina  and  magnesia,  with  a  variable  amount 
of  oxide  of  iron. 

Talcy  in  combination  with  quartz  and  felspar,  and  also  as  talc* 
slate,  is  a  rock  of  frequent  occurrence  in  the  primary  districts  of 
this  country.  Steatite  is  a  different  form  of  the  same  mineral,  and 
is  also  thought  to  be  occasionally  a  result  of  the  decomposition  of 
chlorite.  In  talc,  as  associated  with  other  minerals  in  granite^ 
&c.,  it  would  seem  as  if  the  magnesia,  once  disseminated  through 
the  mass,  had  been  segregated  from  the  mixture  into  a  condition 
by  itself.  Both  talc  and  steatite  are  mostly  silicates  of  magnesia, 
the  latter  being  sometimes  in  part  replaced  by  oxide  of  iron. 

Serpentine  is  a  well-known  and  abundant  mineral,  occurring 
apparently  both  as  a  sedimentary  deposit  and  as  an  igneous  pro- 
duction ;  great  dykes  of  it  occur  in  many  districts,  sometimes 
running  for  leagues  in  one  direction.  By  itself  it  often  forms 
mountains,  and  also  occurs  in  combination  with  other  minerals ;  it 
is  found  both  in  England  and  in  Scotland.  It  is  also  a  silicate  of 
magnesia,  containing  much  water,  and  having  some  of  the  magnesia 
occasionally  replaced  by  oxide  of  iron.  The  soil  derived  from  the 
decomposition  of  these  minerals  is  rather  noticeable  for  its  bar- 
renness, frequently  being  tenacious  of  water,  so  that  swamps  and 
marshy  places  are  common.  This  has  been  remarked  by  Sir  IL 
De  la  Bcche  of  the  soil  on  the  serpentine  of  G)mwall,  which 
contrasts  unfavourably  with  that  derived  from  diallage  rock,  a 
mineral  mass  containing  a  good  deal  of  lime  and  less  magnesia. 
This  wet  nature  of  the  serpentine  soil  is  doubtless  owing  to  the 
remarkable  tenacity  of  the  magnesia  for  moisture,  Schubler  having 
found  that  this  substance  far  exceeded  all  the  other  earths  in  this 
property. 

The  Professors  Rogers,  in  their  experiments  on  the  solvent 
action  of  water,  found  that  when  it  contained  carbonic  acid,  the 
magnesian  silicates  dissolved  readily. 

The  oxide  of  iron  is  also  another  element  of  decay,  as  will  be 
more  fully  shown  when  treating  of  homeblende.  Serpentine,  as 
well  as  many  other  rocks,  also  occasionally  contains  iron  pjrrites, 
or  bisulphuret  of  iron — a  mineral  very  apt  to  suffer  decomposition 
by  the  action  of  the  atmosphere,  the  sulphur  separating  while 
the  iron  is  converted  into  the  hydrated  peroxide.  Sulphuretted 
hydrogen  is  also  an  occasional  production  from  the  sulphur.  It 
is  likewise  found  that  another  change  sometimes  occurs  in  the 
pyrites,  by  the  sulphur  combining  with  oxygen  to  form  sulphurous 
acid — a  sulphate  of  iron  being  the  consequence.     This  pyrites  is 
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found  in  many  slates,  and  indeed  in  all  sorts  of  rocks,  being  often 
seen  in  its  crystallized  form  of  yellow  cubes  in  common  roofings 
slate. 

Homeblende^  Augite^  Diallage. — ^These  minerals  are  all  of  the 
same  family.  Their  chemical  composition  is  very  variable,  but 
they  may  be  viewed  as  silicates  of  magnesia  and  lime,  these  bases 
being  replaced  often  to  a  considerable  extent  by  protoxide  of  iron, 
and  to  a  less  degree  by  alumina  and  oxide  of  manganese.  Home- 
blende  generally  contains  more  silica  than  augite ;  the  latter 
mineral  has  also  been  thought  not  to  occur  in  rocks  containing 
free  quartz  or  silica,  whereas  homeblende  does.  Some  mineralo- 
gists and  geologists,  therefore,  would  make  two  distinct  divisions 
of  rocks : — 1,  the  Homeblende  series,  including  syenite,  diorite, 
and  dioritic  and  red  porphyries ;  2,  the  Augite  series,  compre- 
hending hypersthene  rock,  dolerite,  nepheline,  and  augitic  and 
leucite  porphyries.  The  very  near  affinity,  however,  of  these  two 
minerals  is  shown  by  some  experiments  of  Gustavus  Rose,  who, 
on  fusing  homeblende  in  a  porcelain  furnace,  found  that  on  cooling 
it  assumed  the  appearance  of  augite ;  and  hence  some  eminent 
mineralogists  favour  the  opinion  that  the  distinction  between  the 
two  bodies  arises  merely  frofn  different  modes  of  cooling,  home- 
blende being  the  result  of  slow,  and  augite  of  rapid,  cooling. 
Diallage  and  hypersthene  may  be  considered  merely  as  varieties 
of  augite. 

Most  of  the  great  series  of  igneous  and  volcanic  rocks  are 
composed  of  various  combinations  of  felspar  and  homeblende  or 
augite,  with  occasionally  some  quartz,  calcareous  spar,  and  zeolites. 

The  homeblendic  minerals  differ  from  the  felspars  and  micas 
generally  by  the  large  proportion  of  lime  and  oxide  of  iron  they 
contain,  and  by  the  absence  of  potash  and  soda.  The  igneous 
rocks,  therefore,  which  contain  both  felspar  and  homeblende,  will, 
by  their  decomposition,  form  a  much  more  fertile  soil  than  what 
would  arise  from  granite,  gneiss,  &c.,  which  generally  contain 
only  one  of  these  minerals ;  for  the  felspar  will  supply  the  potash 
or  soda,  in  which  the  homeblende  family  is  deficient,  while  the 
latter  will  contribute  the  lime,  magnesia,  and  oxide  of  iron,  which 
are  for  the  most  part  wanting  in  common  felspar. 

The  homeblende  minerals  are  amongst  the  most  abundant  in- 
gredients of  our  rocks.  They  are  very  liable  to  bi  acted  upon  by 
atmospheric  influences,  chiefly  through  the  oxidation  of  the  prot- 
oxide of  iron,  which  they  so  abundantly  contain.  In  the  case  of 
common  homeblende,  a  rusty -brown  powder  gathers  upon  the 
surface  in  consequence  of  the  peroxide  of  iron  which  is  formed  by 
the  protoxide  combining  with  the  oxygen  of  the  air,  and  eventually 
the  mineral  falls  down  into  a  brown  ferruginous  earth,  the  mag- 
nesia and  lime  being  liberated  while  water  is  absorbed,  and  a 
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hydrate  of  the  peroxide  of  iron  is  the  result,  in  combinatiion  irith 
silicate  of  alumina  and  such  remainder  of  the  lime  and  magnesia 
as  may  not  have  been  washed  away.  The  magnesia  seems  to 
disappear  faster  than  the  lime,  as  will  be  seen  by  comparing  the 
analyses  given  of  the  fresh  and  the  decomposed  mineral  in  the 
table,  and  this  might  have  been  looked  for  from  the  results  of  the 
Professors  Rogers'  experiments,  as  they  found  that  in  water  im- 
pregnated with  carbonic  acid,  such  as  rain-water  passing  throngfa 
the  soil  always  is,  carbonate  of  magnesia  is  much  more  solnUe 
than  carbonate  of  lime. 

The  changes  that  occur  in  augite  seem  more  various,  green 
earth  being  frequently  the  result,  with  different  degrees  of  decom* 
position.     Steatite,  or  soapstone,  seems  also  to  be  occasionally  a 

Cduct  of  the  decay  of  this  mineral,  and  also  of  horneblende,  the 
e  and  oxide  of  iron  giving  place  to  an  increased  proportion  of 
magnesia  and  water.  Analyses  are  given  in  the  table,  showing 
different  stages  of  decomposition  of  these  minerals,  which  are 
interesting  as  indicating  the  changes  that  have  taken  place. 

These  igneous  rocks,  decomposing  under  atmospheric  influences, 
form  soils  generally  noted  for  their  fertility.  In  addition  to  the 
ingredients  already  mentioned  as  entering  into  their  compositicn, 
Dr.  Fownes,  by  careful  analyses,  ascertained  the  presence  of  phos- 
phoric acid  in  various  rocks  of  igneous  origin.  He  examinmi  the 
porcelain-clay  of  Dartmoor,  resulting  from  the  disintegration  of 
the  granite  of  that  district,  also  lavas,  basalts,  and  trachytes ;  and 
from  his  researches  he  inferred  that  phosphoric  acid  is  a  Teiy 
usual  component  part  of  volcanic  rocks,  and  is  a  principal  source 
of  the  remarkable  fertility  possessed  by  soils  derived  from  their 
disintegration.     {Proceedings  of  Royal  Soc,  v.  508.) 

Dr.  Anderson,  of  Glasgow,  in  reference  to  the  igneous  masses, 
writes : — "  Rocks  of  the  greenstone  type  are  divisible  into  two 
classes — the  diorite  and  dolerite ;  the  former  a  mixture  of  albite 
and  homeblende,  the  latter  of  augite  and  labradorite,  sometimes 
with  considerable  quantities  of  a  sort  of  oligoclase,  containing  both 
soda  and  lime,  and  of  different  kinds  of  zeolitic  minerals.  Gene^ 
rally  speaking,  the  soils  produced  from  diorite  are  superior  to 
those  from  dolerite;  the  albite  which  the  former  contains  under- 
goes a  rapid  decomposition,  and  yields  abundance  of  soda  along 
with  some  potash,  which  is  seldom  altogether  wanting,  while  the 
homeblende  supplies  both  lime  and  magnesia.  Dolerite,  when 
composed  entirely  of  augite  and  labrador,  produces  rather  inferior 
soils ;  but  when  it  contains  oligoclase  and  zeolites,  and  comes 
under  the  head  of  basalt,  its  disintegration  is  the  source  of  soils 
remarkable  for  tlicir  fertility ;  for  these  latter  substances,  under- 
going rapid  decomposition,  furnish  the  plants  with  abundant 
supplies  of  alkalies  and  lime,  while  the  more  slowly  decomposing 
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homeblende  affords  the  necessary  qnantitj  of  magnesia.  In  addi- 
tion to  these  the  basaltic  are  found  to  contain  appreciable  quan- 
tities of  phosphoric  acid,  so  that  thej  are  in  a  condition  to  yield 
the  plant  almost  all  its  necessary  constituents."  {Eneycl,  Brit. 
8th  ed.  vol.  ii,  AgricuU*  Chemistry.) 

In  Cornwall  Sir  H.  De  la  Beche  observed  that  these  rocks 
supplied  the  most  fertile  soils  in  the  district,  so  much  so  that  when 
greatly  disintegrated  they  are  sometimes  worked  as  marl-pits* 
At  the  Lizard,  in  the  same  county,  the  soil  on  the  diallage  rock 
and  sienite  was  found  to  be  amongst  the  most  fertile,  if  not  the 
most  fertile,  of  the  lands  in  that  quarter,  exhibiting  an  instance  of 
the  productiveness  of  a  soil  chiefly  derived  from  the  decomposition 
of  the  homeblende  or  diallage  and  felspar.  The  homeblende 
slate  and  rock  at  the  same  place  is  also  extremely  fertile.  *^  As 
the  rocks  at  the  Lizard,"  says  Sir  Henry,  "  are  all  exposed  to  the 
same  conditions,  the  contrast  afforded  by  the  varied  fertility  upon 
these  mineral  compounds  is  highly  instructive  and  illustrative  of 
the  fact  that  soils  do,  all  other  things  being  equal,  maiidy  depend 
on  the  subjacent  rocks  for  their  agricultural  character." 

The  Trap  hills  of  Skye  and  many  of  the  Western  Islands  of 
Scotland  I  have  observed  to  be  often  remarkable  for  the  beautiful 
green  pasture  which  clothes  their  steep  sides,  the  short  sweet 
herbage  soon  covering  the  decaying  greenstone,  which  in  many 
places  crumbles  down  fast  under  the  united  influences  of  the  frost 
and  rain.  Doubtless  the  dripping  climate,  raining  three  days  oat 
of  every  four,  as  the  natives  say,  has  an  effect  little  short  of  irri- 
gation upon  the  pasture ;  but  allowing  for  all  that,  and  for  any 
difference  of  level,  the  contrast  between  these  green  islands  of  the 
west  and  the  rugged  heath-covered  ribs  of  the  primary  and  gra- 
nitic giants  of  the  Cairngorm  type  is  too  great  to  be  accounted 
for  otherwise  than  by  the  less  favourably  constituted  chemical 
nature  of  the  latter  rocks. 

The  solvent  action  of  the  atmosphere  and  rains  on  these  mine- 
rals is  evinced  by  the  fact  of  the  outer  portions  of  decayed  trap 
having  been  found  to  contain  scarcely  any  lime,  while  the  cmkral 
kernel  which  that  influence  had  not  reached  held  a  large  propor- 
tion. (Johnston,  Chemistry  of  Agriculture,)  The  same  writer 
also  remarks  having  picked  up  a  portion  of  decaying  trap  on  the 
farm  of  Swanston,  on  the  Pentland  Hills,  which  contained  16  per 
cent,  of  carbonate  of  lime. 

Zeolites, — ^The  family  of  zeolites  comprises  a  good  many  spe- 
cies of  minerals  which  agree  in  this  respect,  that  they  arc  com- 
pounds of  silica  with  generally  two  or  more  bases,  and  a  certain 
considerable  amount  of  water  in  a  crystalline  state.  These 
minerals  when  powdered  and  digested  with  cold  muriatic  acid 
arc  converted  into  a  gelatinous  mass.     Now  as  felspar,  which  is 


468      Action  of  the  Atmosphere  upon  newfy-^eepmed  SoU. 

anhydrous,  is  scarcely  affected  when  so  treated  with  cold  muriatic 
acid  for  twenty-four  hours,  but  is  unable  to  resist  the  conti^ 
nued  action  of  water  saturated  with  carbonic  acid,  much  more 
must  these  zeolitic  minerals  be  dissolved  by  the  same  agent 
(Liebig.)  They  are  all  therefore  rapidly  decomposable  bodies, 
and,  like  the  felspars,  yield  a  clay,  while  alkalis  are  separated. 
They  are  also  noticeable  for  the  absence  of  magnesia  and  oxide 
of  iron  in  their  composition,  and  potash  is  a  less  frequent  consti- 
tuent than  either  lime  or  soda.  They  occur  chiefly  in  the 
amygdalbidal  cavities  of  rocks,  and  although  they  do  not,  like  the 
felspar  or  homeblende,  constitute  the  great  mass  of  a  rock,  yet 
they  are  often  pretty  freely  dispersed.  Analyses  are  given  of 
some  of  the  most  common  species. 

Green-earth,  as  has  been  remarked,  is  sometimes  merely  a  stage 
in  the  decomposition  of  augite ;  it  is,  however,  quite  a  common 
mineral  in  this  country,  occurrino:  chiefly  in  trap  rocks.  Its 
chemical  composition  is  very  variable,  as  will  be  seen  even  from 
the  two  examples  given  in  the  table. 

Olivine  is  a  very  frequent  ingredient  in  many  igneous  rodcs, 
although  it  does  not  form  a  large  proportion  of  their  mass,  being 
disseminated  through  them  mostly  in  the  form  of  small  grains. 
It  is  believed  to  be  seldom  absent  in  basalt,  and  its  chemical 
composition  is  a  silicate  of  magnesia  and  of  protoxide  of  iron. 

Glauconite  resembles  green-earth  in  colour,  and  in  other  re- 
spects. It  is  referred  to  chiefly  on  account  of  its  being  a  oom« 
mon  body  in  the  greensand  strata,  the  specimen  of  which  the 
analysis  by  Dr.  Turner  is  given  being  from  that  formation  in 
England.  It  also  varies  much  in  composition,  some  containing 
mucli  magnesia  or  potash;  it  generally,  however,  has  a  large 
amount  of  silica,  protoxide  of  iron,  and  water. 

Epidote  is  a  mineral  of  frequent  occurrence  in  many  crystalline 
trap  rocks  and  also  in  amygdaloids,  not  however  forming  a  great 
part  of  the  mass.  Its  chemical  composition  is  silicate  of  lime 
and  alumina,  these  bases  being  replaced  by  protoxide  of  iron  or 
of  manganese,  and  also  by  magnesia. 

Carbonate  of  Lime. — This  mineral  is  so  abundant  in  the  sedi- 
mentary rocks  that  in  all  formations  from  the  newest  pliocene  to 
the  oldest  silurian  almost  every  other  bed  contains  more  or  less 
of  it,  some  of  the  great  groups  of  rocks  being  merely  alternations 
of  shales  and  limestones.  It  varies  of  course  infinitely  in  purity, 
the  carbonate  of  lime  being  mixed  often  with  carbonate  of  mag- 
nesia, forming  dolomite,  or  with  clay,  forming  marl,  and  with 
quartz  grains  constituting  calcareous  sandstone,  and  occasionally 
with  sulphate  of  lime,  giving  rise  to  gypsum.  Oxides  of  iron  may 
also  be  interspersed  throughout  the  mass ;  also  phosphoric  or 
fluoric  acids,  and   bitumen  and  carbon,  as  in  the  coal  measures. 


Action  of  the  Atmosphere  upon  newly-deepened  Soil.       469 

Many  sandstones  are  merely  grains  of  quartz  cemented  together 
by  carbonate  of  lime.  Many  limestones  again  are  but  a  mass  of 
organic  remains,  such  as  shells  or  corals.  The  mountain  lime- 
stone in  England  for  hundreds  of  feet  in  depth  often  consists^of 
little  else  but  remains  of  encrinites,  while  the  animal  origin  of 
the  white  chalk  seems  equally  obvious,  the  white  calcareous 
mud  found  around  coral  reefs,  being  when  dried  undistinguish- 
able  from  common  chalk.  As  many  limestones  are  but  remains 
of  corals  the  composition  of  these  bodies  becomes  a  matter  of 
interest.  From  many  analyses  of  corals  made  at  the  Museum  of 
Practical  Geology  they  were  found  to  contain: — 

Carbonate  of  lime  ..  ..  from    82'  to.95'6    percent. 

Carbonate  of  magnesia  ..     „     trace  „->  7'24        „ 

Sulphate  of  lime     ..  ..     „     trace  •,/.  2'76        „ 

Organic  matter       ..  ..     „        3*'   '„'     8*27        „ 

Silica,  alumina,  iron,  phosphates  and  fluorides  were  also  obtained. 
A  little  phosphoric  acid  has  also  been  found  in  most  limestones 
that  have  been  analysed  with  sufficient  care.  Messrs.  Paine  and 
Way  have  also  contributed  W  paper  to  the  Journal  in  which  they 
point  out  the  presence  of  considerable  quantities  of  phosphate  of 
lime  in  the  greensands  above  and  below  the  gault  The  green 
grains  of  the  sand  are  shown  to  contain  sometimes  20  per  cent, 
of  phosphoric  acid  and  a  large  proportion  of  lime,  &c.,  and  Prof. 
Henslow  stated  in  1845  that  ^^  a  stratum  of  greensand,  although 
never  more  than  a  foot  thick,  occurred  near  the  surface  over 
many  square  miles  in  the  vicinity  of  Cambridge,  the  pebbles  in 
it  yielding  61  per  cent,  of  earthy  phosphates.  The  greensand  is 
a  variable  mixture  of  green  grains  with  pure  white  particles  of 
quartz,  the  latter  forming  the  largest  proportion.  From  the 
mean  results  of  some  careful  analyses  of  oolitic  limestones  at  the 
Museum  of  Geology,  they  were  found  to  contain — 

Water        from    0-13  to    1-59  per  cent. 

Silica „  0-22  „  13-62  „ 

Protoxide  of  manganese    ..  „  0*       „  1*68  „ 

of  iron       ..      ..  „  0*      „  1-13  „ 

Peroxide  of  iron        ..      ..  „  0'      „  0*82  „ 

Alumina „  0'      „  0*54  „ 

Lime „  29*30  „  64-94  „ 

Magnesia „  0*14  „  21-42  „ 

Soda „  0-      „  0-44  „ 

Carbonic  acid „  36-08  „  46-59  „ 

Sulphuric  acid „  0-      „  0-12  „ 

Phosphoric  acid        ..      ••  n  0-      „  a  trace    „ 

Chlorine „  0-      „  0*03  „ 

Those  most  liable  to  be  affected  by  the  atmosphere  contained  a 
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soluble  salt  of  either  lime  or  sodium,  e^.  sulphate  of  lime  or  chlo- 
ride of  sodium.  The  most  crystalline  are  the  most  durable 
{Mem.  of  Geological  Survey ,  ii.  701.)  The 'principal  effect  ot 
the  atmosphere  on  calcareous  matter  is  to  dissolve  it  through  the 
acUon  of  the  rain-water  containing  carbonic  acid.  Carbonate  of 
lime  is  but  slightly  soluble  in  pure  water,  but  absorbii^  more 
carbonic  acid  it  is  converted  into  bicarbonate,  which  is  soluble 
to  a  considerable  extent.  ^^  In  some  very  earthy  limestones," 
says  De  la  Beche,  '^  the  disappearance  of  the  calcareous  matter 
in  the  upper  portion  of  the  rock  for  many  feet  down  is  sometjies 
so  complete,  and  the  peroxidation  of  the  iron  so  extensive  that 
a  rusty-looking  porous  substance  is  all  that  is  left."  The  re- 
mains of  shells  in  such  rocks  are  often  also  dissolved  out,  leaving 
only  the  empty  spaces  or  casts.  Lime  appears  to  have  the  effect 
of  decomposing  some  of  the  silicates  by  turning  out  the  alkaline 
base  and  instead  thereof  entering  itiself  mto  union  with  the  silicic 
acid.^  Soda  may  be  liberated  by  this  process,  and  ako  potash.  It 
probably  also  decomposes  in  some  similar  manner  the  salts  of 
organic  acids. 

Oxides  of  Iron. — Combinations  of  iron  are  so  widely  and  gene- 
rally dispersed  in  all  rocks  and  soils  that  it  would  be  a  gnat 
omission  to  neglect  taking  some  particular  notice  of  them. 

1.  Carbonate  of^Iron,  or  Siderite. — Its  chemical  composition^ 
when  pure,  is : — 

Protoxide  of  iron        62*1 

OBirboiiic  acid      87*d 

100-0 

but  part  of  the  iron  is  geneially  replaced  to  some  extent  by  man- 
ganese, magnesia,  or  lime.  It  is  soluble  in  acids  with  efferves- 
cence. Occurs  in  beds  of  great  extent  in  the  coal  formation  of 
this  country,  the  clay  ironstone  and  black-band  being  but  impure 
varieties  of  this  mineral,  and  from  it  most  of  the  British  iron  is 
manufactured. 

2.  Phosphate  of  Iron,  or  Vivianite.— ^It  is  chemically  a  combi- 
nation of  phosphoric  acid  with  oxide  of  iron  and  a  considerable 
amount  of  water ;  easily  soluble  in  acids.  It  is  frequently  found  in 
the  neighbourhood  of  decayed  animal  matter,  occurs  also  in  some 
peat  mosses^  forming  a  blue  crust  on  the  dried  peats.  It  occa- 
sionally fills  the  interior  of  fossil  shells,  but  is  found  also  in 
some  igneous  rocks,  and  doubtless  is  a  frequent  product  in  the 
soil. 


♦  According  to  G.  Bischof,  bicarbonate  of  lime  and  silicate  of  potash,  when 
mixed  together  in  solution,  give  rise  to  carbonate  of  potash  and  carbonate  of  lime, 
silica  being  liberated ;  and  he  states  that  this  decomposition  takes  place  in  nature. 
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3.  Bisulphuret  of  Iron^  or  Pjiites. — Composed  of— - 

Iron      ..     46-7 

Sulphur       53-8 

100-0 
It  is  a  frequent  body  in  all  kinds  of  locks,  being  produced  both  in 
igneous  and  sedimentary  formations.  Less  soluble  in  acids  than 
the  preceding.  It  appears  frequently  to  arise  from  the^lecompo- 
sition  of  organic  matter  in  solutions  of  iron.  Mr.  Pepys  found  an 
interesting  instance  of  this  take  place  by  the  putrefaction  of  some 
dead  mice  in  a  solution  of  sulphate  of  iron,  and  Sir  H.  De  la 
Beche  gives  another  of  its  formation  where  a  dog  had  fiedlen  into  a 
solution  of  iron,  its  body  being  found  surrounded  by  bisulphuret 
of  iron  or  iron  pyrites.  {Geological  Observer,  p.  600.)  Its  mode 
of  decomposition  has  been  already  referred  to  in  showing  its 
decay  to  be  a  frequent  cause  of  the  disintegration  of  minerals. 

4.  Magnetic  Iron  is  a  combination  of  protoxide  and  peroxide 
of  iron : — 

Protoxide  of  iron  ..      ..     31-23  Iron 72*40 

Peroxide  of  iron    ..      ..     68-77  Oxygen 27-60 

100-00  *  100-00 

Soluble  in  hydrochloric  acid.  Occurs  mostly  in  igneous  or  meta- 
morphic  rocks,  but  also  in  beds  and  masses,  chiefly  in  the  northern 
parts  of  the  globe,  being  the  most  important  ore  of  iron  in 
Sweden  and  Russia.  It  changes  into  oxyhydrate  of  iron  and 
also  into  peroxide. 

5.  HcBmatitey  or  specular  iron. — It  is  mostly  peroxide  of  iron, 
and  is  slowly  soluble  in  acids : — 

Iron 70-03 

Oxygen      29-97 

100-00 
It  is  a  very  plentiful  substance,  and  is  occasionally  produced  by 
the  gradual  change  of  the  carbonate  and  sulphuret  of  iron. 

6.  Brown  Hcematite,  or  Limonite,  is  a  peroxide  of  iron  with 
water : — 

Peroxide  of  iron      85*6 

Water       14-4 

100-00 
It  occurs  in  rocks  of  all  kinds,  being  produced  often  by  the  de- 
composition of  other  ores.  Water  containing  carbonic  acid  also 
dissolves  out  the  carbonate  of  the  protoxide,  which,  on  exposure 
to  the  atmosphere,  is  converted  into  the  hydrated  peroxide  and 
precipitated,  carbonic  acid  being  given  off.  In  this  manner  it 
may  be  observed  how  rain-water,  percolating  through  soils  con- 
taining much  iron,  issues  out  of  the  drains  full  of  carbonate  of  the 
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protoxide  in  solution ;  on  coming  into  the  air  a  brownish  Tusty- 
like  scam  is  deposited  on  the  bottom  of  the  water ;  this  is  the 
hydrated  peroxide  formed  by  the  oxygen  of  the  atmosphere. 
The  upper  layers  of  beds  of  carbonate  of  iron  are  also  0008* 
sionally  found  changed  into  this  substance.  Iron  rust  is  a 
similar  product,  and  both  are  frequently,  perhaps  almost  always, 
found  to  contain  some  ammonia,  which  thej  greedily  absorb. 

7.  Boff  Iron  Ore  is  also  a  hydrated  oxide  of  iron,  but  is  so 
frequently  mixed  with  other  ingredients  that  no  definite  compo- 
sition can  be  assigned  to  it.  It  may  contain  phosphoric  acid  to 
the  extent  of  11  per  cent,  also  sulphuric  acid  and  the  vegetable 
acids  of  plants.  It  would  appear  to  arise  often  from  the  decay 
of  the  pyrites  and  other  iron  ores  in  trap  rocks.  As  its  name 
indicates,  it  is  found  chiefly  in  bogs  and  swampy  grounds. 

Many  other  ores  of  less  importance  occur,  but  the  above  are 
perhaps  those  which  most  concern  the  subject  of  this  paper. 
Hardly  any  soil  or  rock  exists,  perhaps  none,  of  which  iron  does 
not  enter  to  some  extent  into  the  composition.  It  has  been  seen 
that  it  frequendy  acts  as  a  base  to  silica,  replacing  alkalies  and 
alkaline  earths.  It  hardly  exists  naturally  in  the  free  or  metallic 
state ;  but  disseminated  as  it  is  so  abundantly  and  so  generallj 
through  mineral  and  earthy  matters  in  the  forms  of  its  oxides 
and  salts,  it  becomes  a  fruitful  source  of  change  and  disintegm- 
tion  in  their  composition.  This  arises  from  its  strong  affinity  for 
oxygen;  existing  in  undecayed  minerals,  chiefly  in  the  foim 
of  the  protoxide,  it  is  displaced  from  the  acids  to  which  it  is 
united  by  the  action  of  the  alkalies ;  it  then  probably  unites  with 
the  carbonic  acid  of  the  air  in  the  first  place,  and,  as  has  been 
before  said,  may  then  be  dissolved  out  in  the  form  of  carbonate; 
the  salts  of  the  protoxide  of  iron  have,  however,  so  strong  an 
attraction  for  oxygen,  that  on  being  freely  exposed  to  the  air  they 
greedily  absorb  that  element,  and  pass  into  the  peroxide.  So 
great  is  the  aflSnity  of  the  protoxide  of  iron  for  oxygen  that  it  is 
scarcely  known  in  its  isolated  condition,  and  its  properties  are 
to  some  degree  uncertain ;  its  colour,  for  instance,  is  somewhat 
doubtful,  but  is  supposed  to  be,  in  the  anhydrous  protoxide, 
blue,  and  its  salts  are  generally  of  a  dark  greenish  or  blueish 
tint.  As  the  oxidation  of  iron  does  not  go  on  unless  some  degree 
of  moisture  be  present,  it  has  been  thought  to  have  the  property 
of  decomposing  water  at  the  common  temperature  and  of  deriv- 
ing its  oxygen  from  that  body,  the  hydrogen  thus  liberated 
uniting  in  some  cases  with  nitrogen  to  form  ammonia,  a  sub- 
stance which  is  very  frequently  found  present  in  the  resulting 
peroxide.  It  has,  however,  been  maintained  by  others,  and  ap- 
parently upon  good  grounds,  that  this  ammonia  has  not  been 
generated  in  the  manner  above  alluded  to,  but  has  in  all  cases 
been  absorbed  by  the  peroxide  from  the  atmosphere  or  from  other 
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sources.  So  remarkable  is  the  affinity  of  pure  iron  for  oxygen 
that,  when  formed  under  certain  conditions  by  depriving  its  oxide 
of  the  oxygen  through  the  agency  of  hydrogen  at  a  heat  below 
redness,  on  exposure  to  the  air  it  at  once  takes  fire,  returning  thus 
rapidly  to  its  original  condition,  as  was  remarked  by  Magnus. 
Upon  the  whole  it  may  be  supposed  that  the  chief  atmospheric 
agent  by  which  iron  will  be  affected  is  the  oxygen,  acting  in  com- 
pany with  moisture,  and  that  the  changes  thereby  induced  greatly 
modify  the  constitution  of  the  mineral  ingredients  of  the  soil. 

It  has  been  seen,  then,  that  the  influence  which  the  atmospheric 
forces  exert  upon  the  soil  is  very  various  and  extensive.  Their 
action  indeed  is  not  rapid  nor  energetic,  and  a  very  perfect  expo- 
sure of  the  soil  is  necessary  to  catch  much  of  the  ameliorating 
influence.  It  is  not  therefore  to  be  expected  that  a  barren  soil 
can  be  rendered  fertile  by  mere  exposure  to  the  air,  although  it 
were  wrought  with  a  perfection  that  would  have  satisfied  even 
Jethro  Tull.  The  importance,  however,  of  taking  advantage  of 
the  manifold  benefits  to  be  derived  from  the  air,  it  is  hoped,  has 
been  rendered  evident  in  the  course  of  this  paper.  It  need 
scarcely  perhaps  be  said  that  stagpiant  water  will  completely 
prevent  any  benefit  that  is  to  be  looked  for  from  this  source,  and 
that  in  the  case  of  wet  land  its  drainage  must  first  of  all  be 
thoroughly  effected.  The  ground  being  dry,  and  the  rain  conse- 
quently enabled  slowly  to  filter  through  the  soil,  the  full  benefit  of 
the  atmospheric  waters  will  be  obtained.  Unless  in  the  case  of 
sloping  grounds,  little  rain-water  should  run  off  the  fields ;  almost 
the  whole  ought  to  sink  gradually  through  the  soil  as  it  falls.  In 
order,  however,  to  gain  the  utmost  advantage  from  the  frosts  and 
atmospheric  influences,  as  great  a  surface  should  be  exposed  to 
the  air  as  possible ;  and  the  best  way  to  effect  this  would  seem, 
in  the  case  of  ground  under  tillage,  to  be,  to  have  the  soil  ploughed 
up  into  ridges  like  potato  drills,  and  to  leave  it  in  this  shape 
through  the  winter — a  practice  of  which  the  advantage  is  well 
known  to  gardeners.  Sir  Joseph  Paxton,  for  instance,  advises  that 
'^  the  surface  of  all  strong  land  should  be  laid  up  in  ridges 
during  the  winter,  as  the  action  of  frost,  by  expanding  the  mois- 
ture in  it,  leaves  it  when  thawed  in  a  fine  pulverized,  friable,  or 
loosened  state,  by  which  it  is  rendered  fertile,  and  ready  imme- 
diately after  levelling  in  favourable  weather  to  receive  the  in- 
tended crop."  Many  other  benefits,  however,  than  those  of  the 
frost  will  result.  Are  the  oxygen — ammonia — carbonic  acid — 
nothing?  Let  the  agricultural  mind  therefore  be  of  good  cheer; 
the  atmosphere  is  a  force  everywhere  present ;  although  his  farm 
may  be  like  Justice  Shallow's,  "  barren,  barren,"  he  has  at  least 
this  consolation — "  Marry ^  good  air  I " 
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XVI. — Farming  of  Warwickshire.      By  Heney  Evebshed, 
Gosfield,  Essex. 

Prize  Essay. 

With  a  soil  of  more  than  average  quality,  an  equable  climate, 
and  a  tolerably  level'  surface  for  the  plough,  the  farming  of  this 
county  derives  encouragement  from  the  lai^e  population  of  Bir- 
mingham and  other  considerable  towns,  rendered  easy  of  access 
by  numerous  canals  and  railways  which  intersect  its  area  in  aU 
directions.  It  is  also  known  as  the  most  central  county  of  Eng- 
land, the  town  of  Coventry  being  distant  91  miles  from  each  of 
the  ports  of  London,  Bristol,  Hull,  and  Liverpool. 
The  following  is  the  acreage  of  the  Hundreds : — 

Acre&  Population  in  1841. 

Knightlow 182,350  100,250 

KiDeton         119,690  24,043 

BarUchway 100,310  28,961 

Hemlingford         ..      ..     141,440  55,764 

543,790  209,018 

The  parish  returns,  however,  give  the  higher  aggregate  acreage 
of  567,930.  The  following  is  a  Table  of  the  increase  in  popu- 
lation since  1801,  including  that  of  towns,  which  in  the  above 
estimate  is  omitted : — 

Increase 
Yean.  Population.         per  Cent. 

1801  ....  108,190 

1811  ....  228,735  ....  10 

1821  ..  ..  274,392  .. .,  20 

1831  ..  ..  336,988  .. ..  23 

1841  ..  ..  402,121  ..  ..  19 

1851  .. ..  476,013  ..  ..  18 

The  average  rental  of  land  in  this  county  is  1/.  5«.  Qd^  per 
acre,  the  average  of  England  being  19«.  2<L 

Our  description  will  comprise  four  agricultural  divisions : 
£rst,  the  heavy  clays  lying  south  of  a  line  drawn  from  a  point  a 
little  below  Dunchurch,  to  a  point  three  miles  south  of  Stratford^ 
and  running  through  Long  Itchington  and  Friz  Hill ;  secondly, 
the  rich  loams  on  the  banks  of  the  Avon ;  thirdly,  the  clays  and 
red  marls  at  the  south-western  comer,  beginning  between  Tan- 
worth  and  Henley,  and  meeting  the  loams  of  the  Avon  at  Snitter- 
field ;  and  lastly,  the  whole  of  the  remaining  portion  of  the 
county,  consisting  of  various  loams,  sands,  gravels,  and  clays.* 

*  These  belong  to  the  new  red  sandstone,  and,  towards  the  sonth  of  the  coanty, 
to  the  lias  formation.  The  Gravel  forms  an  extensive  deposit  in  the  north-central 
district,  consisting  chiefly  of  small  boulders  and  sea-worn  pebbles  of  ancient  iooJks 
traceable  to  the  parent  b^  in  Yorkshire,  Comberlandt^uidficotiaiid,  and  oatamsaAj 
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The  Warwickshire  Cocd-Field  stretches  from  the  east  of  Tam- 
worthy  along  the  borders  of  Leicestershire  to  Nuneaton,  and  thence 
on  each  side  of  the  road  to  Coventry,  to  within  two  miles  of  the 
town.  The  coal-measures  preserve  a  breadth  of  about  three  miles. 
As  the  beds  dip  rapidly,  and  are  mantled  round  by  the  superior 
strata  of  sandstone  and  marl,  the  agricultural  character  of  the 
district  differs  little  from  that  of  the  surmunding  country  ;  and 
there  is  little  of  that  cold,  poor  clay-land  which  often  prevails 
near  the  coal-fields  elsewhere.  Large  masses  of  compact  green- 
stone are  found  in  this  district,  and  are  now  transported  to  every 
part  of  the  county  for  the  mending  of  roads.  It  is  called,  from 
the  spot  where  it  is  dug,  Hartshill-stone. 

The  New  Red  Sandstone  spreads  over  the  greater  part  of  War- 
wickshire. It  occupies  the  whole  of  the  central  and  northern 
portion,  with  the  exception  of  the  coal-fields.  On  the  south  it 
meets  the  lias  at  a  line  drawn  across  the  county  from  a  point  a 
mile  south  of  Dunchurch,  through  Long  Itchington,  and  thence 
to  Friz  Hill,  and  into  Gloucestershire,  a  little  to  the  south  of 
Stratford-on-Avon.  We  have  not  the  means  of  pointing  oat 
with  exactness  the  beds  of  marl,  sandstone,  and  conglomerate  of 
which  this  formation  consists.  The  red  clays  are  found  at  the 
south-west  corner  around  Henley  and  Alcester.  At  Kenilworth, 
and  thence  to  Coventry,  the  soil  rests  upon  a  sandstone  rock, 

known  as  the  "  Northern  drift."  Quartz  pebbles  especially  abound  in  it ;  granite, 
gneiss,  sienite,  porphyry,  slate,  mica  schist,  trap,  and  almost  erery  other  variety  of 
the  primary  rocks  may  be  collected. 

The  course  of  the  Lias  may  be  traced  from  the  neighbourhood  of  Edge  Hill  (where 
its  upper  beds  of  black  shale,  with  bands  of  blue  and  grey  limestone,  occupy  the 
same  relative  position  as  in  Gloucestershire  and  Somerset,  forming  the  top  stratmn 
of  the  hills,  overlying  the  marlstone),  towards  Harbury,  where  its  lower  beds  are 
intersected  by  a  long  deep  cutting  of  the  Great  Western  Railroad,  being  composed 
of  blue  clay  and  shsde,  traversed  by  irregular  beds  of  limestone.  The  marlstone, 
between  the  upper  and  lower  beds  of  the  lias,  is  a  hard  micaceous  sandstone,  20  &et 
thick,  and  is  largely  developed  at  Edge  Hill.  The  strata  immediately  below  it 
consist  of  clay  and  ironstone,  rich  in  iron  ore,  especially  at  Chipping  Campden. 
Some  fine  sections  of  the  lower  lias  may  be  seen  at  Mr.  R.  Greaves*  extensive 
quarries  at  Stockton.  It  traverses  the  county  by  Henley  in  Arden,  Stratibrd, 
Kineton,  Southam,  and  Ru^by,  whence  it  may  be  traced  into  Leicestershire.  Tlie 
total  thickness  of  the  Lias  m  the  midland  counties  is  500  feet 

The  new  red  sandstone,  spreading  out  from  Gloucestershire  and  following  the 
lias  in  its  north-east  course,  occupies  a  considerable  area  in  Warwickshire.  Its  upper 
red  marls  may  be  observed  near  Alcester  and  Stratford.  It  is  the  great  depository 
of  salt  and  gypsum,  furnishing  the  mineral  waters  of  Cheltenham  and  Leamington. 
Underneath  this,  capping  the  Alne  Hills  and  stretching  towards  Henley  in  Arden 
and  Preston  Bagot,  is  the  grey  and  white  sandstone,  called  the  Keuper  sandstone. 
Near  Knowle  there  is  a  kind  of  basin  of  red  marl,  with  a  small  outlier  of  lias  in 
the  centre ;  the  Keuper  striking  thence  by  Lapworth  and  Rowington  to  Shrewley, 
where  the  following  section  may  be  seen  in  the  cutting  of  the  Great  Western  Rail- 
way, viz.,  red  marl,  40  feet;  sandstone  and  sreen  marl,  20  feet ;  red  marl,  10  feet : 
total  70  feet.  Between  this  and  the  Warwick  sandstone  there  is  a  great  thickness 
of  red  marl,  well  displayed  at  Hatton  Hill.  This  is  succeeded  by  the  soft  white 
sandstone  of  Warwick,  and  the  still  lower  red  or  banter  sandstone  of  KenilworUi 
and  Coventry. — C.  W.  Hosktnb. 
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favouring  the  growth  of  oak  and  other  timber.  Generally  through- 
out the  tract  the  surface  consists  of  a  soil  more  or  less  heavj,  with 
an  abundance  of  rolled  gravel-stones,  here  and  there  giving  way 
to  sand,  as  at  Sutton  Coldfield,  Meriden,  ai^d  Cubbington.  Marl 
is  dug  almost  everywhere. 

The  lias,  shale,  limestone,  and  clay  occupy  that  portion  of 
the  county  south  of  the  line  before  pointed  out ;  and  some  out- 
liers of  these  beds  also  cross  the  Avon,  and  are  thrown  up  be- 
tween Stratford  and  Alcester. 

There  is  a  detached  range  of  hills  belonging  to  the  inferior 
oolite  on  the  borders  of  Northamptonshire  and  Oxfordshire; 
among  these  the  bold  escarpment  of  Edge  Hill  commands  a  view 
of  the  famous  battle-field  below,  and  of  an  extensive  tract  of 
country. 

Allowing  for  the  differences  of  good  and  bad  farming,  which 
in  Warwickshire  are  unusually  great,  the  systems  pursued  on 
the  lighter  soils  are  much  the  same  in,  every  locality.  We  shall 
endeavour  to  give  a  general  outline  of  the  viarieties  of  routine 
pursued,  defining,  as  nearly  as  we  can,  the  practices  of  the  dif- 
ferent districts. 

T/ie  Avon  District  is  a  strip  of  loamy  soil  running  across  the 
county  from  Stratford  to  Rugby,  following  the  course  of  the 
Avon,  and  extending  three  or  four  miles  on  either  side  of  its 
banks ;  the  strongest  loam,  and  probably  the  most  productive 
land  in  the  county,  is  a  level  tract  between  Stratford  and  War- 
wick, which  forms  the  northern  limit  of  the  Vale  of  Evesham. 
Mr.  Murray  pronounces  the  farming  here  the  best  in  the  county  ; 
and  perhaps  the  distinction  still  exists,  but  not  to  the  discredit 
of  the  farming  skill  to  be  found  in  other  parts  of  it. 

The  farms  here  are  large,  averaging  300  acres ;  there  are  a 
few  of  small  size,  and  some  of  500  or  600  acres ;  rents  are  from 
255.  to  3O5.  for  the  second-rate  land,  and  35*.  or  40^.  for  the  best ; 
rates,  2s,  Gd.  to  3*.  6d, ;  tithe  rent-charge,  3*.  to  5^.,  sometimes 
redeemed.  The  course  of  cropping  is  Ist,  turnips ;  2nd,  barley  ; 
3rd,  seeds,  or  peas,  or  beans ;  4th,  wheat ;  5th,  beans ;  and  on 
the  strong  land,  6th,  wheat.  Vetches  for  fodder  are  largely 
grown.  The  plan  of  taking  intermediate  crops  of  them  is  on  the 
decrease  ;  but  occasionally  turnips  are  taken  after  early  vetches^ 
and  also  after  the  most  forward  crop  of  wheat  or  peas.  Neither 
rye  nor  tri folium  is  grown.  The  wheat-stubbles  are  forked  in 
autumn,  ploughed  6  to  8  inches  deep,  ploughed  again  in  spring, 
and  once  or  twice  more  afterwards,  the  dung  being  turned  in  the 
last  time,  and  the  swedes  drilled  on  the  flat  with  a  top-dressing 
of  guano  and  superphosphate.  In  a  few  instances,  the  improved 
practice  of  ploughing  in  the  dung  in  autumn  has  commenced, 
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followed  by  a  lighter  and  more  compendions  spring  tillage.     The 
success  of  this  method  has  induced  others  to  adopt  it 

The  wheat  is  drilled  in  October  and  November,  beginning 
with  2  bushels,  ending  with  2j^  bushels  per  acre.  Only  a  small 
quantity  of  white  wheat  is  grown,  perhaps  not  one  acre  to  twenty 
of  red ;  there  is  some  Talavera  and  a  little  Coin,  but  the  latter 
requires  a  strong  clay  soil,  and  on  the  loams  produces  very  thin 
light  grains.  Varieties  have  much  increased  from  the  natural 
desire  to  improve  so  important  a  cereal ;  the  favourite  sorts, 
however,  are  Burrels,  American  Red,  and  Red  Lammas  — 
the  latter  is  decreasing.  The  clover  ley  is  seldom  dunged  for 
wheat ;  the  young  plant  depends  for  support  on  the  dressing  left 
by  the  sheep  pastured  on  it :  in  spring,  guano,  nitrate  of  soda,  or 
some  other  manure  is  given  if  the  plant  requite  it,  and  the  farmer 
can  afford  it.  Beans  (the  White-eye  and  Water-bean  for  spring, 
and  sometimes  winter  beans)  are  dibbled  or  drilled  in  autumn  or 
in  February ;  the  latter  season  is  preferred ;  and  when  following 
the  wheat  crop,  the  stubble  is  forked  and  the  land  ploughed  once 
before  winter,  and  again  for  sowing :  a  point  is  made  of  dunging 
for  beans.  Of  barley  many  sorts  are  grown,  but  chiefly  Cbeva>- 
lier.  It  is  drilled  after  once  ploughing,  as  the  turnips  are  fed 
off,  up  to  the  beginning  of  May.  About  12  lbs.  of  clover  and  a 
mixture  of  other  seeds  is  sown  in  the  barley ;  Italian  rye-grass  or 
Pacey's  is  sown  in  the  place  of  common  rye-grass.  But  the 
former,  though  probably  preferable,  seems  to  be  declining  in 
use ;  a  prejudice  has  been  raised  against  it,  partly  from  the 
quantity  of  couch-seed  sold  with  it,  partly  from  an  idea  that  it  is 
liable  to  grow  stalky  in  spring.  The  first  of  these  evils  of  course 
is  avoidable,  the  latter  may  be  remedied  by  early  pasturing  in 
spring,  and  keeping  down  the  hard  inedible  stalks.  The  plants 
will  then  become  leafy,  and  an  evil,  not  easy  of  after  remedy, 
will  be  prevented.  In  addition  to  that  which  is  cut  for  fodder, 
a  portion  of  the  seeds,  regulated  by  the  quantity  of  pasturage  on 
the  farm,  is  cut  for  hay,  and  the  greater  part  deptistured  with 
sheep  and  cattle.  A  coat  of  10  or  12  tons  of  dung  laid  on  the 
seeds  in  autumn  is  left  exposed  to  the  weather  through  the 
winter,  and,  notwithstanding,  produces  an  effect  on  the  vegetation 
in  spring  which  warrants  the  application  of  the  practice.  This 
is  one  more  instance  of  the  scientific  and  we  may  say  the 
common-sense  view  of  top-dressing  with  dung  being  falsified  by 
the  practical  results.* 

♦  Not  so.  Science  and  common  sense  are  agreed  that  top-dressings  are  only 
precarious  at  the  time  of  year  -when  evaporation  is  on  the  increase,  or  at  its  height. 
It  declines  in  the  autumn,  and  almost  ceases  during  the  winter  months :  at  such 
time  the  application  of  dung  on  the  surface,  both  as  a  protector  from  fVost  to  the 
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In  the  district  under  description  few  pigs  or  oxen  sre  fattened ; 
the  straw  is  trodden  into  dung  by  cows,  horses,  and  sheep. 
Dairying  is  pursued  on  a  small  scale,  and  although  cows  are  kept 
on  most  of  the  farms,  it  is  not  often  there  are  more  than  10  or  12 
on  each.  It  must  be  remembered  that  in  this  part  of  the  county 
there  is  little  pasture-land ;  the  grass-land  is  chiefly  on  the  banks 
of  the  Avon  and  its  tributaries,  and  these  meadows  are  of  course 
always  mown.  Cows  are  pastured  on  the  seeds,  and,  strange  as 
it  may  seem  to  farmers  who  cut  their  seeds  for  hay,  some  of  the 
best  cheese  in  the  kingdom  (taking  price  as  the  criterion)  used 
to  be  made  on  a  farm  near  Warwick,  which  is  without  pasture- 
land.  Cheese  has  of  late  given  way  to  butter-making;  and 
cheese  farmers  are  often  stigmatized  as  very  bad  ones,  and 
cheese-making  as  the  great  enemy  of  Warwickshire  landlords. 
A  small  quantity  of  cream-cheese  is  made  on  some  of  the  farms, 
and  the  neighbourhood  of  Leamington  is  particularly  noted  for 
it.  A  good  many  calves  are  reared  ;  they  are  procured  from  the 
Bucks  markets  and  raised  by  hand ;  they  are  fed  on  milk  and 
linseed,  and  as  they  become  strong,  are  allowed  to  run  out  in  the 
paddocks  and  are  fed  on  bran ;  afterwards  they  are  kept  on  the 
meadows,  seeds,  turnips,  and  straw,  and  are  sold  at  two  years  old 
in  calf  to  dealers,  who  take  them  to  the  county  whence  they  came. 
Sheep  are  the  main  stay,  except  on  farms  where  the  number  of 
cows  makes  it  necessary  to  banish  other  stock  during  the  summer 
months.  The  breeds  kept  throughout  the  county  are  the  long- 
wool  ed,  generally  crossed  with  the  Southdowa  In  Mr.  Murray's 
time,  what  he  calls  the  "  ancient  Warwickshire  sheep,"  a  large 
polled  sort,  was  most  in  vogue ;  "  the  average  size  when  hogs 
and  fat  is  23  lbs.  per  quarter.  A  dispute  arose  between  Mr. 
Bakewell  and  Mr.  Palfrey,  a  breeder  of  the  Warwickshire  sort,  as 
to  the  comparative  merits  of  these  and  the  Leicesters,  which 
ended  in  a  cross  being  proved  the  best."  The  fleeces  of  the  old 
Warwickshire  used  to  average  9  lbs.  each,  of  the  mixed,  6  lbs. 
There  are  some  farmers  in  the  neighbourhood  of  Warwick  who 
still  keep  this  large  uncouth  breed,  which  was  formerly  spread 
over  Warwickshire,  Northamptonshire,  and  Lincolnshire.  Bake- 
well's  improved  Leicesters  were  produced  by  making  selections 
from  this  stock  and  breeding  from  the  progeny ;  and  in  general 
they  have  been  crossed  so  as  to  lose  their  original  characteristics, 
or  replaced  by  Cotswolds,  Leicesters,  or  Shropshire  sheep.  The 
plan  of  using  cross-bred  rams,  so  pertinaciously  adhered  to  by 
some  men,  whose  maxim  is  to  use  what  costs  least,  is  giving  way ; 
and  farmers  now  prefer  rams  of  the  above  breeds,  or  a  pure 

joung  plant,  and  as  an  enrichment  of  the  moisture  fUlbg  on  and  filtering 
through  it  into  the  soil  below,  is  in  perfect  accordance  with  the  best  procedure 
which  science  could  suggest,  had  not  practice  already  established  it — C.  W.  H. 

2k2 


480  Farming  of  Warwickshire, 

Sussed  down,  and  nse  them  as  their  flock  maj  require  frame, 
quality,  or  wool.  The  wool  from  a  well-managed  flock  averages 
i^  fleeces  to  the  tod.  Ewes  are  sheared  four  times,  and  then 
fattened;  and  the  number  is  kept  up  by  drafting  from  the 
maiden  flock.  Contrary  to  the  notions  of  many  breeders,  the 
ewes  are  kept  on  swedes  previous  to  lambing,  and  this,  whem 
plenty  of  dry  food  is  given,  is  not  considered  injurious.  The 
stiffer  loam  above  Warwick  will  not  bear  the  treading  of  the 
flock  except  in  dry  weather,  and  this  forms  an  excuse  for  the  old- 
fashioned  system  of  bare  fallow  for  wheat,  which  on  the  soil  now 
under  description  is  unwarrantable.  One-half  only  of  the  turnip 
crop  is  fed  off,  and  the  ewes  are  taken  every  night  into  the  yards, 
where  they  have  the  picking  of  the  straw,  and  some  hay  where 
it  can  be  spared.  On  lighter  land  the  ewes  are  kept  entirely  Ih 
the  fold,  and  have  their  cribs  filled  with  pea,  bean,  or  other 
straw,  and  rough  hay.  Some  provide  lumps  of  salt  in  the  troyghs 
for  them  to  lick.  In  this  way  they  are  kept  until  the  seeds  are 
ready  in  spring ;  but  the  flock  is  at  this  critical  time  often  some- 
what straitened  for  food  before  they  can  get  on  the  seeds.  With 
a  few  turnips  thrown  to  them  at  first,  here  they  remain  through 
the  summer  until  the  meadows  are  ready.  The  vetch  crop  is 
consumed  by  the  tegs. 

Murray  says,  "  In  most  parts  of  the  county  they  plough  from 
five  to  eight  inches  deep,  and  use  from  four  to  five  horses  in  a 
plough,  one  yoked  before  another."  The  depth  of  ploughing 
remains  the  same ;  it  is  quite  the  exception  to  go  deeper  than 
eight  inches.  There  are  some  of  the  old-fashioned  curved  ridgesy 
gathered  very  high  even  on  the  loams  and  gravels ;  however  these 
may  have  been  formed,  there  is  a  horror  of  reducing  them,  for  feat 
of  laying  bare  the  subsoil  at  the  centre  of  the  crowns.  We  may 
perhaps  strike  off  one  horse  from  the  number  named  by  Murray ; 
but  we  must  admit  that  much  of  the  lighter  land  is  ploughed  with 
three  at  length,  which  might  be  done  with  two  abreast.  To 
advocate  the  latter  plan  in  all  instances  is,  however,  absurd  ;  for 
although  we  have  seen  a  plough  with  two  horses  slicing  the  soapy 
clays  of  Sussex  with  apparent  ease,  we  must  record  that  on  a  tena- 
cious loam  the  draught  is  so  much  heavier  as  to  completely  de- 
feat the  practice. 

Reaping  in  this  county  is  more  common  than  bagging  or 
mowing ;  but  as  most  of  the  harvesting  is  done  by  Irish  labourers^ 
it  is  difficult  to  alter  the  practice.  Hooding  or  capping  the  sheaves 
is  common  in  some  parts :  it  is  not  practised  in  the  neighbour- 
hood of  Warwick,  yet  nowhere  is  grain  brought  to  market  in 
better  condition. 

Horses  in  this  county  are  generally  of  a  good  sort — ^neat,  short- 
legged,  and  active.     Derbyshire  horses  are  preferred  to  Suffolk  or 
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Cleveland.  One-borse  carts  and  two-horse  ploughs  go  together : 
the  common  practice  of  this  county  exhibits  but  a  small  propor- 
tion of  either.  In  carrying  out  dung,  some  use  four  or  five  horses 
to  a  cart,  and  this  on  land  by  no  means  hilly.  An  instrument 
which  will  be  a  novelty  to  some  of  our  readers  is  the  dmble-phugh^ 
which,  not  content  with  figuring  on  the  signboards  of  some  of  the 
country  inns,  is  still  made  use  of  even  by  some  intelligent  farmers. 
The  beam  is  9  feet  long,  the  handles  5  feet,  and  the  beam  is  either 
crooked  to  the  right  or  a  cross-piece  is  mortised-in  to  carry  a 
second  mould-board ;  the  front  one  is  the  smallest,  and  following 
close  behind  is  the  larger  one,  4  feet  long.  Four,  five,  or  even 
six  horses  are  harnessed  to  it,  and  two  furrows  turned  at  once. 
Some  look  with  contempt  on  the  machine ;  but  specimens  may 
still  be  seen.  It  had  its  origin  on  the  clays,  and  is  still  largely 
used  to  stir  the  fallows,  for  which  purpose  it  is  here  thought  in- 
valuable.    In  good  weather  it  will  plough  nearly  2)-  acres  a  day. 

The  clays  south  of  the  Avon  tract  vary  from  a  rich  old  pasture 
soil  to  a  poor  lias  clay,  or  a  rubbly  limestone.  The  best  grazing- 
land  is  on  the  borders  of  Northamptonshire  and  Oxfordshire — 
at  Grand  borough,  and  from  Wormleighton  to  Famborough,  Burton 
Dassett,  and  Radway.  At  Wormleighton  some  of  the  poorer  pasture 
has  been  pared  and  burnt  and  ploughed  up ;  the  rich  old  turf 
remains  untouched.  At  Burton  Dassett  one  may  follow  the  foot- 
path for  four  miles  on  the  road  to  Kineton  and  only  cross  two 
ploughed  fields,  and  the  cattle  are  seen  grazing  with  equal  relish 
in  the  flats  and  on  the  bare  mounds  which  here  and  there  break 
the  level  surface.  Herefords  and  shorthorns  are  preferred  by  the 
graziers ;  but  no  great  attention  is  paid  by  them  to  the  breeds 
which  they  purchase.  The  best  land  bears  one  ox  per  acre,  or 
one  ox  and  three  sheep  on  two  acres.  The  last  reporter  of  War- 
wickshire farming  remarks  on  the  lamentable  way  in  which  some 
of  the  pastures  were  laid  down,  and  on  the  unevenness  of  the 
surface  and  the  wide  spaces  between  the  ridges,  which  remain 
soaked  instead  of  conducting  away  the  water.  Draining  and 
levelling  have  in  a  great  measure  checked  these  evils,  and  the 
rushes  and  sour  grass  which  marked  the  wet  furrows  have  in  most 
cases  disappeared ;  but  some  of  the  land  that  has  been  subse- 
<}uently  laid  down  is  in  the  worst  possible  plight.  It  was  cropped 
'by  the  worst  farmers  until  it  bore  nothing,  and  then  not  laid  down 
but  allowed  to  run  to  grass,  or  rather  to  couch.  Nothing  but 
paring  and  burning,  a  good  summer  fallow  and  manuring,  can 
cure  it.  Clay-land,  even  when  productive,  is,  from  the  capital 
and  energy  required  in  its  cultivation,  more  liable  to  be  abused 
than  any  other. 

Pasture-land  on  the  southern  side  of  the  county  is  in  the  pro- 
portion of  about   one-third  of  the  whole;  towards  Kineton  it 
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increases  to  one-half — the  farms  averaging  about  200  acres.  It  is 
remarkable  that  some  of  the  grass-land  in  this  district  is  pecor- 
liarly  liable  to  scour  (''  fret ")  the  young  cattle.  This  is  more  espe- 
cially the  case  where  the  limestone-rock  is  covered  15  or  20  feet 
with  day,  and  as  the  rock  becomes  shallower  the  evil  decreases. 
It  occurs  on  a  strip  running  by  Southam  and  Kineton,  and  is  so 
injurious  in  its  effects,  that  some  of  the  farmers  cannot  even  keep 
a  cow  on  their  farms,  and  are  obliged  to  purchase  milk  for  home 
consumption;  yet  the  same  land  will  fatten  freely  horses  and 
sheep.  Those  who  persevere  with  grazing  under  these  disad- 
vantages are  compelled  to  see  the  thriving  of  their  cattle  checked 
by  fretting,  which  is  sure  to  attack  them,  although  not  at  any 
particular  period.*  Black  cattle  have  been  observed  to  turn  on 
this  land  to  a  dun  colour.  In  the  absence  of  any  known  remedy, 
either  applied  to  the  land  or  to  the  animals  themselves,  there  i» 
no  doubt  that  much  of  the  grass  land  should  be  brought  under 
arable  cultivation.^ 

The  great  drawback  in  the  district  is  the  small  amount  of  root* 
crops  grown,  even  on  the  soils  suited  to  them.  Those  who  grow 
none  at  all  have  three  or  four  times  more  sheep  in  summer  on 
their  pastures  than  they  can  keep  in  winter,  and  they  are  often 
obliged  to  put  out  part  of  their  flock  to  those  who  grow  roots. 

Lime  is  much  used  on  the  fallows,  and,  mixed  with  road* 
scrapings  and  soil  from  ditches  and  banks,  is  applied  to  the 
pastures.  A  few  pigs  are  fattened.  In  former  times,  when  several 
labourers  were  boarded  in  the  farm-houses,  seven  or  eight  hogs- 
would  be  consumed  by  the  household  ;  but  now  this  custom  baa 
disappeared,  and  fattening  seems  to  have  fallen  off.  It  is  preferred 
to  drill  all  crops  on  a  stale  furrow — the  staler  the  better ;  oats  aie 
but  little  grown.  The  average  wheat-crop  is  stated  at  eight  bags 
(three  bushels  each)  per  acre. 

The  Bed  Mark. — ^The  south-western  comer  of  the  county, 
between  Henley,  Alcester,  Bidford,  and  Snitter field,  consists  o£ 
a  reddish  soil,  which  we  may  describe  as  a  loam  on  marl,  a  loam 
on  clay,  and  a  loam  on  gravel — the  latter  bearing  turnips  which 
may  be  fed  off,  the  former  requiring  draining.     The  farms  vary 

*  This  18  the  general  remark,  but  at  Chadshunt,  on  a  fbrm  of  1300  acre«»  cattW 
do  well  up  to  July ;  they^  are  then  removed  to  other  pastures,  and  may  be  timed 
on  again  without  lujury  in  September.  Forty-five  acres  on  this  farm  have  been. 
broken  up  and  drained ;  first-rate  crops  of  wheat  and  beans  are  the  result 

t  This  is  a  matter  of  complaint  weU  known,  and  fully  meriting  hitestigstim. 
both  by  the  chemist  and  the  botanist ;  and,  indeed,  bv  the  geologist,  inasmuch  aa 
the  belt  of  land  upon  which  it  occurs  seems  to  lie  at  the  junction  of  the  lower  Has 
bed  and  the  upper  red  marl  of  the  red  sandstone.  The  old-fashioned  preeauHoB^ 
upon  such  morbific  pastures,  of  turnine  in  a  flock  of  geese  for  two  or  thx«e  daTa 
before  the  cattle  are  admitted  would,  if  really  correctiye  of  the  evil,  as  it  is  ftaid 
to  be,  seem  to  point  to  some  botanical  peculiarity  in  the  herbage,  which  mi^t^ 
•with  care,  be  djiayrcred.— C.  W.  H. 
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from  150  to  200  acres,  and  many  are  still  smaller.  The  fields 
are  in  general  small  and  crowded  with  timber.  The  grass  land  is 
chiefly  on  the  banks  of  the  Arrow  and  the  Alne,  and  a  propor- 
tion of  three- fifths  is  arable.  The  course  of  cropping  is,  1st, 
fallow ;  2nd,  wheat ;  3rd,  clover  and  rye-grass  (often  for  two 
years) ;  4th,  wheat ;  5th,  beans,  and  sometimes  6th,  wheat :  Or, 
1st,  fallow ;  2nd,  beans  ;  3rd,  wheat ;  4th,  seeds  ;  5th,  wheat  Few 
peas  or  oats  are  grown.  Root  crops  are  strangely  neglected ;  and 
draining  as  little  thought  of  as  if  pipes  were  not  invented,  or 
stones  were  not  to  be  had  for  the  picking.  In  fact,  this  district, 
with  all  its  advantages  of  soil  and  situation,  and  with  Birmingham 
market  close  at  hand,  seems  (with  the  exception  perhaps  of 
Bidford)  to  have  been  overlooked  in  the  general  advance,  and 
is  still  pursuing  the  practices  of  100  years  ago.  Twenty-four 
to  twenty-seven  bushels  of  wheat,  and  the  same  quantity  of  beans, 
per  acre,  are  the  average  crops.  Judging  from  what  is  done  in 
several  instances  which  could  be  pointed  out,  the  average  pro^ 
duce  of  many  of  the  farms  might,  with  proper  management,  be 
increased  50  per  cent. 

The  best  farmers  plough  for  beans  before  Christmas,  and  sow 
the  white-eye  or  water-bean  in  February  ;  but  many  do  not  touch 
their  stubbles  until  spring.  Drilling  is  by  no  means  common^ 
and  at  least  one-half  of  the  farmers  sow  and  plough-in  their 
wheat.  A  good  plan,  only  adopted  by  the  better  fiau-mers,  is  to 
plough-in  dung  in  autumn,  scuffle  in  spring,  and  drill  barley  on 
a  stale  furrow.  By  this  method  a  much  better  plant  of  clover 
may  be  expected  than  by  sowing  it  in  wheat,  as  is  commonly 
done. 

Leicester  sheep,  often  crossed  with  the  Shropshire  down, 
are  common,  and  on  the  gravelly  soils,  where  turnips  are  grown, 
are  kept  in  the  fold  through  the  winter,  or  they  are  kept  in  yards 
and  run  out  into  the  meadows,  and  get  a  few  turnips  thrown 
abroad,  and  straw  given  them  in  sheep-racks.  In  summer  they 
are  grazed  on  the  pastures  without  com,  and  the  store  sheep  run 
on  the  stubble  in  autunm.  In  some  cases,  by  draining,  this  land 
has  been  made  to  bear  treading ;  and  a  few  farmers  are  per- 
severing enough  to  grow  swedes  and  mangel  on  the  heavy  land, 
and  cart  them  off. 

Cows  of  the  Short-homed,  Hereford,  or,  more  frequently,  of  a 
cross-breed,  are  kept  for  cheese-making  and  dairying.  A  first-rate 
dairy  will  produce,  on  an  average,  9  or  10  Iba.  of  batter  per  cow 
for  each  week  during  the  summer  months,  or  500  lbs.  of  cheese 
per  cow  per  annum.  This  is  under  higher  feeding  than  common, 
though  some  men  boast  of  producing  that  amount  without  com : 
300  lbs.  of  cheese  per  cow  is  an  average  produce.  Each  cow 
gives  about  1  lb.  per  week  of  **  second  butter,"  fetching  M.  per 
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lb.  less  than  the  best.  The  small  fanners  save  their  own  bulls, 
and  as  they  never  expend  anything  for  a  superior  animal,  the 
breed  deteriorates  rather  than  improves  :  pure  bred  stock  is  not 
common.  Much  of  the  land  lies  in  high  ridges,  which,  after 
furrow  drainage,  require  to  b^  reduced  with  care,  as  there  is  little 
extra  depth  of  soil  at  the  crown.*  The  Birmingham  and  Strat- 
ford Canal  passing  through  this  district  supplies  the  farmers, 
who  avail  themselves  of  it,  with  manure.  Artificials  are  little 
used  ;  guano  is  sometimes  applied  to  the  com  in  spring,  but  it  is 
quite  an  exceptional  case.  As  few  pigs  are  kept,  little  com  given 
to  cows,  and  but  few  oxen  fattened,  the  quantity  of  manure  ap- 
plied to  the  land  is  very  meagre. 

The  Northern  District  consists  of  that  part  of  Warwickshire 
lying  north  of  the  Avon  and  of  the  tract  we  have  just  described* 
The  soils  vary  from  a  gravelly  loam^  of  various  degrees  of  fertility, 
to  the  sands  of  Meriden  Heath  and  Sutton ;  there  is  also  a  small 
portion  of  heavier  land,  particularly  in  the  neighbourhood  of 
Tanworth  and  the  coal  measures.  There  is  a  pasture  tract  on  the 
eastern  side,  on  the  borders  of  Leicestershire,  but,  generally 
speaking,  the  land  is  in  arable  culture,  and  the  greater  portion  of 
the  grass  land  is  on  the  banks  of  the  numerous  streams.  In  the 
neighbourhood  of  Birmingham  farming  merges  into  market- 
gaidening.  Rents  vary  from  21,  for  the  strong  to  1/.  for  the  light 
land,  and,  near  the  town,  3/.  to  4/.  Under  the  head  of  stock  we 
may  mention  dairies  of  from  10  to  15  cows ;  sheep  in  numbers, 
which  are  yearly  augmented  by  the  draining  of  the  land ;  and 
oxen  and  pigs  which  are  fattened,  though  not  in  large  numbers, 
by  the  larger  and  better  farmers.  The  stock  is  maintained  through 
the  summer  by  depasturing  nearly  the  whole  of  the  seeds,  which, 
in  accordance  with  the  custom  of  this  county,  are  heavily  manured 

*  Whenever  a  transverse  sectional  view  can  be  got  across  one  of  these  old 
hiffh-ridged  fields,  the  appearance  below  the  plough-line,  on  the  tops  of  the 
ri^es,  is  as  completely  that  of  subsoil  as  though  it  had  never  been  stinted.  It  is 
difficult  to  account  for  this,  as  the  ridge  itself  implies  the  commencement  of  the 
tillage  upon  the  level ;  and  the  difference  of  the  soil  and  subsoil  (in  the  district 
spoken  of)  is  too  striking  to  leave  it  easily  credible  that  the  once-cultivated  soil 
could  ever  return  to  its  subsoil  texture  and  appearance.  A  field  of  this  description 
was  drained  (down  the  furrows)  in  the  autumn  of  1844,  and  the  ridges  cast ;  it 
was  cross-ploughed,  scuffled,  rolled  and  harrowed,  in  the  spring,  and,  when 
quite  level,  sown  with  barley  and  clover-seeds,  with  a  top-dressing  of  guano.  The 
opinion  expressed  by  one  or  two  neighbouring  farmers  was  that  the  crop  would 
be  bad  on  the  site  of  the  old  ridges.  The  reverse  was  the  case  to  a  degree  very 
strikingly  perceptible  during  the  whole  period  of  growth.  The  difference  was 
equally  observable  in  the  clover  crop  the  following  year.  The  explanation  may 
perhaps  be  this, — that  deeply  as  the  soil  had  been  gathered  into  the  old  furrows. 
It  ftimished  less  mineral  food  to  paeet  the  demand  of  a  manure  rich  in  ammonia 
than  that  which  had  been  newly  restored  to  cultivation  on  the  ridges.  On  another 
field,  levelled  in  like  manner,  and  laid  down  with  permanent  grass-seeds,  the 
opposite  effect  (conformably  with  the  caution  in  the  text)  has  continued  to  exist, 
the  pasture  being  best  on  the  sites  of  the  old  farrow.~C.  W.  H. 
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in  autamn.  The  seeds  are  a  mixture  of  clover  and  Italian  or 
Pacey's  rye-grass.  The  following  is  a  favourite  mixture,  sown 
for  two  years'  pasture : — 8  or  10  lbs.  cow-grass,  2  lbs.  Alsike 
clover,  2  lbs.  trefoil,  1  lb.  rib-grass,  1  peck  Pacey's  rye-grass, 
1  gallon  Timothy  grass.  The  bane  of  Warwickshire  farmers 
is  the  failure  of  the  clover  plant,  from  its  too  frequent  repetition : 
it  looks  well  and  flourishing  after  harvest,  and  in  the  winter 
months  gradually  disappears,  until  sometimes  not  a  single  plant 
is  to  be  seen.  This  "  clover  sickness  "  seriously  affects  the  pros- 
pects of  succeeding  crops,  since  it  not  only  robs  the  land  of  the 
clover  root,  but  lessens  the  amount  of  stock  which  can  be  pas- 
tured. The  remedy  lies  in  less  frequent  sowing — not  oftener 
than  once  in  eight  years.  In  the  mixture  given  above,  cow-grass 
is  used  as  a  relief  from  clover ;  but  probably  a  complete  rest 
from  the  clover  family  is  the  only  way  to  insure  success.  The 
bone-manure  of  Messrs.  Proctor  and  Ryland,  of  Birmingham,  is 
applied  on  clover  with  great  success :  the  cattle  greedily  feed* 
upon  the  land  so  manured,  leaving  untouched  any  part  of  the 
field  not  dressed.  Its  effects  are  said  to  be  greater  on  heavy 
land  than  on  light  loam.  This  manure,  which  is  prepared  for 
turnips  and  other  crops,  has  obtained  an  extensive  sale  in  this 
and  surrounding  counties. 

In  Mr.  Murray's  time,  sowing  turnips  broadcast  was  the  gene- 
ral practice,  and  we  find  him  combating  the  arguments  that 
drilled  turnips  grow  too  large,  are  spongy,  and  have  not  that 
sweet  flavour  the  others  have.  Drilling  was,  however,  gaining 
ground.  He  says,  "  The  leaving  the  drills  of  too  great  elevation 
above  the  level  of  the  field  is  a  mistaken  idea  ;  it  is  not  requisite, 
and  when  the  turnips  are  ready  for  folding  with  sheep  they 
should  be  nearly  level :"  this  is  now  the  case ;  and  by  the  time 
the  hoeing  is  done  the  ridges  can  scarcely  be  distinguished.  A 
plan,  which  is  recommended  on  heavy  clays,  is  to  dung  and  ridge 
in  autumn,  cultivate  between  the  rows  in  spring,  destroy  with  the 
hoe  any  weeds  which  arise  on  the  ridge,  and  drill  on  the  stale 
furrow.  Mowing  wheat,  instead  of  reaping,  is  greatly  on  the 
increase,  and  light  iron  ploughs  are  rapidly  taking  the  place  of 
the  old-fashioned  implements;  double-ploughs  are,  however, 
frequently  used  in  the  fallows,  even  by  many  of  the  best  farmers. 
The  buildings  are  perhaps  better,  because  not  so  numerous  as  we 
have  remarked  them  elsewhere. 

Sheep,  either  Leicesters  or  Cotswolds,  or  crosses  with  the  Shrop- 
shire or  Sussex  downs,  are  bred  and  fattened  at  two  years  old. 
The  flock  runs,  through  the  summer,  on  the  seeds  and  grass,  and 
the  following  winter  the  tegs  are  fattened.  The  ewes  are  drafted 
off  fat  after  their  third  lamb.  On  farms  where  there  is  no  dairy, 
oxen  are  fattened  in  the  yards  on  cake  at  3  years  old ;  there  are 
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a  few  excellent  short-homed  cattle  bred;  they  are  g^tuied  oa 
feeds  through  the  summer,  and  run  in  the  jards  from  November 
to  May.  The  Tamworth  breed  of  hogs  is  common  in  this  as  ia 
other  parts  of  Warwickshire ;  the  number  fiaittened  is  not  veij 
large.  One  plan  of  feeding  them  deserves  notice,  because  it 
accords  with  a  favourite  notion  of  Arthur  Young :  it  is,  to  give 
them  sour  food.  Swedes  are  boiled  and  mixed  with  one-third  of 
meal,  a  couple  of  cisterns  are  filled,  with  a  week^s  allowance  in 
each,  and  the  food  is  used  a  week  old,  and  in  a  sour  state.  The 
meal  is  increased  as  the  animals  fatten. 

A  plan  which  an  excellent  farmer  has  adopted  for  economising 
liquid  manure,  and  which  has  the  advantage  of  being  cheaper 
than  the  tank  and  water-cart  system,  is  to  dig  a  hole  outside  of 
every  yard,  fill  it  with  all  sorts  of  rubbish,  and  make  it  the  re* 
ceptacle  of  the  drainage,  carting  away  the  stuff  when  necessary* 
The  escape  appeared  very  trifling. 

In  the  neighbourhood  of  Birmingham  a  great  deal  of  the  land 
is  under  spade  culture,  and  large  quantities  of  vegetables  are 
grown  for  the  town.  Potatoes  are  planted  on  the  clover  ley,  firsi 
ploughing  flat,  then  trenching  1 8  inches  deep,  and  placing  the- 
dung  and  the  turf  on  the  top  of  the  bottom  spit.  Then  follows 
wheat  and  afterwards  potatoes  and  turnips. 

Draining  and  Irrigation, — Some  writers  have  awarded  to 
Joseph  Elkington  of  Princethorpe,  in  this  county,  the  merit  of 
being  the  originator  of  under  drainage.  In  Sinclair's  Code  of 
Agriculture  we  read  as  follows : — 

''  In  the  year  1764,  Elkington  began  to  drain  some  fields  on  his  farm  of 
Princethorpe,  which  were  so  extremely  wet,  as  to  rot  several  hundreds  of  his 
sheep.  He  had  dug  a  trench  for  that  purpose,  about  four  or  five  feet  deep^ 
which  did  not,  however,  reach  the  principal  body  cf  mbfacent  water.  It  is 
said  that,  while  he  was  deliberating  what  was  to  be  done,  a  man  was  pft«»ri«g 
with  an  iron  crow-bar.  Being  desirous  to  know  what  sort  of  strata  lay  under 
his  drain,  he  forced  the  bar  down  about  four  feet  below  the  bottom  of  ths 
trench.  On  pulling  it  out,  water  burst  up  through  the  hole,  and  ran  down 
the  drain.  This  led  him  to  the  knowleda;e,  that  wetness  may  often  be  pio* 
duced  by  water  confined  farther  below  the  surface  than  the  usual  depth  of 
drains.  For  his  success  in  acting  on  the  hint,  by  boring;  as  well  as  other 
modes  of  draining,  and  readiness  to  communicate  his  principles  to  the  Boaid 
of  Agriculture,  a  thousand  pounds  was  voted  to  him  by  Parliament." 

We  give  a  plan  of  a  piece  of  ground  drained  by  EUking^toD^ 
which  forms  a  portion  of  a  narrow  strip  of  land  of  35  acres,  for* 
merlj  filled  with  water  from  the  hills  which  rise  on  either  side^ 
and  now  converted  from  a  peat-bog  into  productive  waters 
meadows.  Tlie  dotted  line  running  under  the  hill  represente 
Elkington's  drain,  pierced  at  intervals  of  9  feet  with  anger  holes  i 
from  these  the  water  rose  into  a  covered  sandstone  drain.  Bjr 
this  simple  and  inexpensive  process  the  land  wudd  have  beeo 
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effectually  drained,  had  not  an  unforeseen  obstruction  arisen  to 
thwart  the  whole  work.     It  was  found  that  in  the  coarse  of  a  few 
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years  a  yellow,  ochrey  matter,  common  in  peat  bogs,  completely 
choked  the  drain,  and  prevented  the  auger  holes  from  working.* 
By  this  unexpected  circumstance  the  plan  of  boring,  often  suc- 
cessfully practised  by  him,  was  for  once  defeated.  The  evil  is  now 
remedied  in  the  new  drains  we  are  about  to  describe  by  opening 
into  them  holes  at  intervals  of  20  yards,  introducing  a  No.  3 
wire  of  proper  length,  and  working  through  a  brush  of  wire  and 
whalebone ;  an  operation  which  has  been  necessary  four  or  five 
times  in  the  last  thirty  years.  On  the  failure  of  the  old  drain 
the  present  occupier  dug  the  drains  which  are  marked  in  the 
plan,  and  which  run  into  the  main  ditch  at  A,  B,  and  C. 
The  peat  is  5  or  6  feet  deep :  below  is  a  subsoil  of  gravel  and 
sand,  and  under  that  a  "  bind,*'  1  foot  in  thickness,  consisting 
of  a  tough  impervious  agglomeration  of  sand,  clay,  and  gravel. 
To  draw  off  the  water  it  is  necessary  to  pierce  this  bind^  and  this 
was  done  by  sinking  shafts  of  14  or  15  feet  in  depth.  They 
were  sunk  at  spots  which,  according  to  the  notion  of  the 
drainer,  would  best  tap  the  springs ;  on  one  side  of  the  ditch 
they  occur  with  some  regularity  under  the  hill,  on  the  other  y 
are  scattered  over  the  meadow.  These  shafts  were  dug  9  fe 
diameter,  to  allow  of  two  men  working  in  them  at  cmce,  a  c  - 
sity  caused  by  the  rapid  flow  of  water.  Each  shaft  ^i  lili< 
with  stones  to  a  level  of  1  foot  above  the  drain,  and  tbrougn 
these  stones  the  water  rises  and  pouxs  off  into  the  main  outfall, 
leaving  the  land  perfectly  drained.  The  draais  are  4  feet  de< 
at  the  outfall,  and  increase  to  about  8  feet  at  the  shafts.  T) 
1 7-acre  meadow  which  we  have  described  Ibrms  the  upper 
tion  of  a  35-acre  piece ;  the  lower  part  is  drained  more  expe 


•r- 


*  These  auger-holes  worked  as  well  as  tver  wliea  the  land  was  redrained,  aftei 
a  lapse  of  fifty  years. 
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sively  and  less  effectually  by  a  drain  cut  under  the  hills  parallel 
with  them  at  about  9  feet  deep.* 

Warwickshire  has  more  than  an  average  of  wet,  or  clay  lands, 
which  offer  but  small  encouragement  to  the  cultivator  until  they 
are  drained ;  and  we  may  say  of  this,  as  of  other  counties,  that 
the  work  proceeds  rapidly,  but  much  remains  to  be  done.  Fields 
laid  out  in  8-feet  ridges  have  the  drains  placed  in  every  third 
furrow ;  there  has  been  a  general  disposition  of  late  to  drain 
deeper,  and  the  instances  are  common  of  pipes  laid  at  30  inches 
being  taken  up  and  replaced  a  foot  deeper. 

Deep  ditches,  cut  at  no  small  cost  or  labour^  and  narrow  ridges, 
have  disappeared,  superseded  by  the  draining-pipe ;  crooked 
hedge-rows,  and  high  banks,  have  been  replaced  by  neat  fences 
of  quickset.  We  saw  some  admirable  hedges  of  quickset  on  a 
gravel  farm,  where  everybody  declared  they  could  not  be  pro- 
duced ;  a  trench,  30  inches  deep  by  30  inches  wide,  was  dug  out, 
and  filled  with  mould,  with  the  addition  of  a  small  quantity  of 
manure,  and  the  plants  were  thus  forced  into  rapid  growth. 

Mr.  Murray  considered  irrigation  neglected  in  this  county; 
and  we  are  sorry  to  say  it  is  almost  equally  so  at  the  present 
day.  Authorities  tell  us  that  streams,  which  produce  water- 
cresses  and  good  trout,  may  be  looked  upon  as  adapted  for 
irrigation,  the  water  proving  in  general  congenial  to  the  growth 
of  the  grasses.  In  Warwickshire,  with  its  numberless  streams 
and  rills,  the  water  teems  with  these  evidences  of  its  available 
character ;  it  is  nevertheless  seldom  made  use  of.  The  practice 
seems  even  less  appreciated  than  at  a  former  age ;  the  Stour, 
at  its  junction  with    the  Avon,  was  evidently  once  employed 

*  It  is  almost  annecessary  to  say  that  this  mode  of  dnuna^  (of  which  a 
detailed  description  like  that  in  the  text  may  perhaps  be  not  inappropriately 
retained  in  a  report  of  the  county  in  which  EUkington  was  bom,  and  practised  his 
system)  is  properly  superseded  by  the  modem  practice  of  deep  parallel  drains. 
Except  to  meet  the  very  rare  case  of  insuperable  difficulty  of  outiall,  hol^  sunk 
below  the  bottom  of  a  4-foot  drain  to  bring  vp  water  from  greater  depths  are 
useless.  The  specific  action  of  drains  of  proper  depth  and  interyal  upon  the 
adjacent  soil  is  obviously  the  same,  let  the  source  of  the  fluid  be  what  it  may. 
Probably  in  no  art  to  which  they  have  ever  been  applied  have  the  laws  of  hydro- 
statics been  more  outraged  than  in  that  of  land  drainage.  Their  extreme  sim- 
plicity (compared  with  those  which  are  concerned  with  elastic,  imponderable,  or 
inyisible  bodies)  has  often  been  the  very  stumbling-block  of  half- informed  mindsy 
which  look  for  and  exact  a  certain  amount  of  the  mysterious  as  an  element  in- 
separable from,  and  necessary  to  the  dignity  of,  science.  To  such  persons — and 
unfortunately  *  professed'  drainers  of  local  celebrity  sometimes  belong  to  the 
class — simphcity  {"  the  test  of  truth")  is  distasteml,  and  demonstration  use- 
less. Thus  in  some  very  drain-needing  parts  of  North  Warwickshire  it  is  a 
common  belief  that  water  **  draws  better**  down  a  curved  drain  than  a  straight 
one  ;  and,  in  one  instance,  it  was  not  until  after  reiterated  arguments,  and,  aner 
all,  not  upon  sincere  conviction,  that  a  man  superintending  the  drainage  of  a  rather 
level  field,  could  be  persuaded  that  a  *'  sharper"  outfall  could  be  obtained  down 
one  side  of  a  square  than  by  going  round  the  three  other  sides,  becaose  there  was 
a  slight  depression  of  the  surface  in  the  latter  direction.— C.  W.  H. 
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to  water  the  adjoining  meadows ;  an  embankment,  formed  with 
great  ingenuity  and  judgment,  and  which  must  have  directed 
the  water  over  about  70  acres  of  land,  still  remains.* 

In  the  vale  of  the  Tame  near  Birmingham,  something  more  has 
been  done.  The  brook  Aston,  which  runs  round  the  north  and 
west  side  of  Birmingham,  and  receives  the  sewage  of  that  part  of 
the  town,  was  directed  from  its  course  many  years  ago,  near  its 
confluence  with  the  Tame,  and  employed  to  'float'  60  acres  of 
meadow ;  in  the  year  1820,  a  proprietor  on  the  opposite  side  of 
the  Tame,  conducted  the  water  under  the  river  by  means  of  a 
wooden  trunk,  which  he  constructed  at  an  expense  of  900/.,  and 
irrigated  an  additional  60  acres  of  land,  paying  500/.  for  the  right 
to  use  the  water.  By  this  spirited  undertaking  a  particularly 
worthless  soil  of  clean  gravel,  producing  only  short  wiry  grass, 
scarcely  worth  the  mowing,  is  made  to  yield  most  abundant  crops 
of  grass.  The  meadows  are  grazed  up  to  the  middle  or  end  of 
June,  then  the  water  turned  on  for  7  or  10  days,  and  the  grass 
mown — which  in  a  growing  time  will  be  in  7  weeks  from  the 
time  of  removing  the  cattle.  Then  comes  a  great  exercise  of 
patience  in  getting  the  hay,  which,  to  avoid  a  burnt  rick,  must 
be  made  and  re-made,  long  after  the  period  when  ordinary  grass 
would  be  fit  to  carry.  The  crop  averages  two  tons  per  acre,  and, 
though  rather  coarse,  is,  with  a  little  'sweating'  of  the  rick, 
excellent  in  quality.  If  the  hay  is  got  ofi"  before  the  aftermath 
rises,  the  meadow  is  again  floated  for  7  days,  and  in  8  weeks 
the  second  crop,  of  about  one  ton  per  acre,  is  cut,  and  the  meadow 
grazed  during  the  autumn  months;  then  floated,  and  again  in 
spring. 

The  sewage  of  the  south  side  of  Birmingham  goes  into  the  Rae 

*  The  neglect,  or  rather  abandonment,  of  irrigation  over  the  greater  part  of 
War^vickshire  is  easily  explained,  and  by  the  mere  mention  of  a  circumstance 
tliat  ought  to  have  received  prime  notice  in  any  physical  description  of  the 
county,  as  it  would  do  at  the  first  si^ht  of  any  good  map  of  it.  Occupying  the 
most  central  position  in  the  kingdom,  it  forms,  on  the  north-western  side,  a  plateau 
of  great  elevation,  the  district  around  Birmingham  being  in  fact  known  as  the 
**  watershed  of  England."  Throughout  the  whole  of  that  extensive  portion  of  the 
county,  reaching  to  within  three  miles  of  Warwick,  innumerable  petty  streams 
take  their  orujin ;  diverging  in  every  direction  towards  brooks  tributary  to  riyers 
that  flow  into  opposite  seas.  An  instance,  illustrative  of  this,  occurred  in  1851^ 
when  the  mere  alteration  of  the  outlet  of  a  field  which  was  re-drained  for  greatec 
depth,  sent  the  water  on  its  course  for  the  Trent  and  the  Humber,  which  had 
previously  found  its  way  b^  the  Avon  and  Severn,  into  the  Bristol  Channel  f 
Irrigation  is  only  valuable  in  proportion  to  the  fertilizing  matters,  mineral  or 
otherwise,  which  the  water  has  met  with  and  dissolved  in  its  previous  course 
through  other  soils.  The  petty  streams  given  birth  to  in  a  district  of  such 
altitutle  and  character  have  not  yet  commenced  the  imbibing  career  that  is  to 
make  them  vehicles  of  enrichment  to  lower-lying  pastures.  The  vestiges  of 
deserted  and  bygone  attempts  at  irrigation  (not  uncommon  in  the  neighbourhood) 
convey  two  stories  to  the  eye — one  m  their  construction,  another  in  their  aban- 
donment.   The  latter  is  the  true  one. — C.  W.  H. 
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snd  flowf  afterwards  into  the  Tame ;  and  it  it  said  that  the  effect 
of  the  rich  fertilizers  which  are  washed  down  the  stre^jn,  is  felt 
for  a  distance  of  15  miles.  The  water  is  employed  in  many 
o&er  instances,  but  there  is  by  no  means  a  systematic  plan  of 
irrigation ;  still  the  value  of  town  sewage  is  sufficiently  evident^ 
though  it  is  used  most  wastefuUy.  The  poor  gravels  are^ 
however,  likely  to  be  robbed  of  their  liquid  treasures  in  the 
event  of  the  success  of  a  scheme  now  organized  for  deodorizing 
the  whole  of  the  sewage  matter  and  preparing  it  for  sale;  a 
cmlvert  has  been  formed  in  order  to  conduct  it  to  a  spot  out  of 
tiie  town  for  that  purpose. 

Timber  and  coppice^  still  abundant,  were  formerly  much  more 
90 ;  the  forest  of  Arden  extended  through  the  middle  of  the  county, 
and  to  describe  how  thick  the  timber  stood,  it  was  said  that  a 
squirrel  might  leap  from  tree  to  tree  nearly  the  whole  length  of  the 
county.  The  finest  oak  woods  are  on  the  estate  of  Lord  Leigh, 
but  oak  is  abundant  throughout  the  whole  of  the  district  called 
the  Woodland,  north  of  the  Avon ;  the  elm  is,  however,  plentiful 
in  most  parts,  and  particularly  in  Camden's  Feldon,  or  ^*  Cham- 
pian  "  country  south  of  the  Avon.  Their  noble  growth  marks 
the  fertility  of  the  soil ;  scarcely  any  stunted  trees  being  visible 
in  this  district.  On  descending  Frizhill  above  Wellesboum, 
Hastings,  we  see  nothing  but  elm  on  the  loams  and  oak  on  the 
clay  ridge  above,  indicating  the  distinctions  of  soil.  The  elm, 
however,  grows  freely  on  the  clays  at  Kineton  and  Southam. 
Quite  a  feature  in  the  county,  is  the  avenue  on  the  highroad  from 
Dunchurch  to  Knightlow  Cross ;  it  stretches  along  6  miles  of 
level  country,  overarching  the  road  the  whole  distance.  Between 
each  row  of  trees  and  the  hedge  is  a  wide  strip  of  turf,  forming 
a  beautiful  background,  adding  much  to  the  effect.  There  are 
three  miles  of  fir  trees,  many  of  them  of  7  or  8  feet  circum- 
ference ;  the  rest  are  elm. 

A  decided  change  has  taken  place  for  the  better  in  farm- 
houses. An  inferior  house — whatever  may  be  the  merits  of  the 
farm — is  a  serious  obstacle  to  the  letting  to  good  tenants.  The 
wisest  landowners,  aware  of  this,  take  care  to  build  substantial 
and  comfortable  residences ;  better  cottages  follow  in  the  wake 
of  other  improvements,  but  there  are  many  remaining  which  are 
mere  hovels,  where  a  single  bedroom  has  to  suffice  for  a  whole 
family.  The  cottages  let  at  1*.  to  Is.  Qd.  a  week,  except  near 
Birmingham,  where  few  can  be  got  under  2s.  6d.  Wages  in  the 
north,  and  within  the  influence  of  manufacturing  towns,  are 
always  at  least  1^.  a  week  more  than  in  the  rest  of  the  county* 
In  the  vale  of  the  Tame,  where  the  poor  depend  more  on  trade 
than  agriculture,  and  where  the  most  industrious  reap  consider- 
able gain,  by  growing  flowers  and  flower-roots,  for  sale  in  Bir- 
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mingham,  a  man  gets  ISs.  a  week  and  2  quarto  of  beer  a  daj. 
Beyond  its  precincts  they  are  paid  lis.  to  13s. ;  and  men  in  the 
house,  10/.  to  121.  a  year;  boys  3/.  to  7i 

The  waste  and  uninclosed  land  remaining  since  the  date  of 
Murray's  Report  has  been  farther  reduced  by  the  inclosure  of 
Sutton  Coldfield,  and  Meriden  Heath,  besides  a  large  central 
district  comprising  Balsall,  Haseley,  Beausale,  Wroxhall,  and 
Shrewley  Commons.  Sutton  Coldfield  is  now  the  potato  garden 
of  Birmingham :  immense  quantities  are  grown  by  trenching  the 
deep  sands  and  the  use  of  dung.  Meriden  Heath  is  the  site  of 
Lord  Aylesford's  farms ;  200  acres  of  heath  and  bog  have  been 
recently  reclaimed,  and  the  land  has  been.made,  by  high  farming, 
to  double  its  produce,  which  we  may  now  state  at  32  bushels  of 
wheat  per  acre.  Lord  Aylesford  has  erected  some  substantial  and 
excellent  farm  buildings,  where  the  usual  operations  of  a  first- 
rate  model  farm  are  carried  on.  The  system  of  cultivation  is 
based  on  that  of  Norfolk,  liberally  carried  out  and  assisted  by  a 
free  use  of  artificial  manures.  We  saw  there  100  fattening  oxen, 
scores  of  pigs,  a  dairy  of  60  Devon  cows,  and  a  flock  of  highly 
fed  Shropshire  sheep. 

A  strong  contrast  to  this  are  the  inferior  spots  of  land  where 
poverty  has  located  itself,  and  no  generous  landowner  has  made 
*'  the  barren  wilderness  to  smile."  There  is  a  belt  of  gravel  and 
clay  soil,  which  crosses  a  part  of  the  county,  lying  between 
Knowle  and  Tanworth :  here  instead  of  the  signs  of  industry 
and  improvement,  we  see  narrow  winding  lanes,  leading  to 
nothinof,  and  traversed  by  lean  pigs  and  rough  cattle,  broad 
copse-like  hedges,  small  and  irregular  fields  of  couch,  amidst 
which  struggle  the  stalks  of  some  smothered  cereal — these,  with 
gipsies'  encampments,  and  the  occasional  sound  of  the  poacher's 
gun  from  woods  and  thickets  around,  are  the  characteristics  of 
the  district,  its  soil,  culture,  and  population.* 

*  The  picture  is  severe  as  well  as  laughable,  bat  sadij  too  near  the  truth.  It  is 
difficult  to  account  adequately  for  the  wildness  and  -want  of  improvement  often  to 
be  seen  in  the  neighbourhood  of  large  and  even  metropolitan  towns;  for  it  is  true 
of  Ix)ndou  as  well  as  Birmingham  ;  and  the  dwellers  near  Sheffield,  Manchester, 
and  other  great  towns  could  probaUy  attest  the  same.  A  band  of  black  vegetable- 
gardens,  reeking  with  town  manure,  environing  and  intersecting  the  suburbs,  is 
next  succeeded  by  coarse,  undrained,  irregular  pasture-fields,  'divided,'  it  can 
hardly  be  said,  by  broken-down  hedges,  in  which  a  few  stunted  pollards  and  tall 
dreary  poplars  serve  to  chill  and  blot  the  scenery,  already  douded  and  sombre 
enough  to  the  eye.  This  may  be  perhaps  to  some  extent  inevitable  in  the  close 
proximity  of  "  Land  to  be  sold  or  let  in  building  lots,"  in  the  transition  state 
of  brickkilns  and  gravel-pits ;  but  it  is  the  next  circle  to  this  (suffidently  described 
above  by  the  author  of  this  essay)  that  is  the  most  remarkaUe — a  circle  over  which 
tlie  unlimited  command  of  manure  and  convenience  of  haulage  for  drain-tiles  and 
every  other  element  of  improvement,  and  of  increased  produce,  might  seem  to 
-warrant  generous  investment  even  upon  the  least  promising  surfooe,  at  least  in 
the  heart  of  a  kingdom  whose  population  has  doubled  ana  trade  quadrupled  in 
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In  addition  to  the  ordinary  changes  in  tillage  which  have  beea 
referred  to,  we  must  mention  the  almost  entire  disuse  of  the 
marl-pits,  which  are  plentiful  in  the  western  and  northern  parts 
of  the  county  ;  they  were  formerly  worked  very  largely,  and  it 
must  be  admitted  a  coating  of  marl  was  made  a  substitute  for 
other  manure  ;  now,  by  a  kind  of  reaction,  this  latter  aid  having 
become  indispensable,  the  former  is  quite  overlooked.    It  is  said, 

"  He  that  marls  sand,  may  buy  the  land  ; 
He  that  marls  moss,  shall  suflfer  no  loss  ; 
But  he  that  marls  clay,  flings  all  away." 

The  old  adage  is  equally  true  at  the  present  day ;  some  of  the 
best  farmers  on  light  land  regret  much  their  distance  from  the 
pits,  which  if  conveniently  situated  may  be  used  to  advantage, 
for  marling  light  or  peaty  soils. 

Another  change  has  been  the  decay  of  the  long-homed  breed 
of  cattle.  The  improved  Leicestershire  breed  was  originally 
founded  by  Mr.  Webster  of  Canley,  near  Coventry,  from  whose 
stock,  originally  brought  from  the  banks  of  the  Trent  and  crossed 
with  Lancashire  and  Westmoreland  bulls,  Bakewell  and  the 
other  leading  men  selected.  The  largest  and  best  herd  was  that 
of  Mr.  Burbery  of  Wroxhall  (lately  deceased),  consisting  of 
upwards  of  30  cows  ;  there  are  others  in  the  county,  but  they  are 
seldom  pure  in  breed.  Those,  however,  of  Mr.  Warner  of 
Weston-in-Arden,  Mr.  Joseph  Burbery  of  the  Chace  Farm, 
Kenilworth,  Mr.  Canning  of  Sherborne,  and  Mr.  Twycross  of 
Canley,  may  be  named  as  the  principal  herds  at  present.  The 
causes  of  their  gradual  abandonment  seem  to  have  been  that 
the  short  horns  come  earlier  to  maturity  and  give  more  milk ; 
added  to  which  they  were  found,  about  twenty  years  ago,  to  be 
unprolific,  and  became  very  liable  to  slip  their  calves.  They  aie 
quick  feeders,  and  the  beef  is  of  excellent  quality,  but  butchers 
dislike  them  on  account  of  their  tendency  to  lay  on  meat  on  the 

the  last  40  years,  and  whose  capital  and  industry  penetrate  with  lavish  enterprise 
every  habitable  corner  of  the  earth.  The  exquisite  home-timidity  of  En^ish  (mov 
Britisfi)  capital,  the  straining  at  the  gnat  upon  the  narrow  acreage  of  our  own  Uttle 
island,  and  the  swallowing  of  the  camel  that  bears  our  weaith  and  long-credits 
across  every  ocean  and  continent  and  desert,  might  furnish  fine  contrast  npon  some 
spots  to  be  seen  within  ten  miles'  earshot  of  Uie  Birmingham  gun-proof  house,^ 
upon  wild  heaths  darkened,  but  not  fertilized,  by  the  proximity  of  the  "  centrak 
metropolis  of  England,  "  the  very  heart  of  the  "  world's  workshop."  What  must 
be  the  occasional  reflections  of  Mr.  Sheriff  Mechi  upon  the  stir  and  comments  made 
about  the  few  thousands  spent  in  the  redemption  of  a  farm  at  Tiptree  Heath,  com* 
pared  with  the  trade  investments  and  commercial  ventures  with  which  his  metro- 
politan experience  is  probably  familiar !  The  subject  deserves  a  thorough  rakinflr 
out :  for  the  causes  lie  deep,  and  some  of  them  hidden,  some  perhaps  swaddUa 
and  smothered  in  prejudice.  Very  likely  a  young  law  student,  thoroughly  con- 
versant with  the  words  "  entail,"  •*  feudal  tenure,"  *•  land  transfer,"  "  succession," 
&c.,  &c.,  could,  after  all,  tell  us  most  about  this  important  but  neglected  subiecU — 
C.  W.  H. 
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outside  first  Among  their  good  qualities,  their  milk  is  ac- 
knowledged to  yield  more  than  an  average  proportion  of  cream, 
and  the  dairies  which  are  held  in  highest  repute  for  butter  and 
•cheese,  are  of  the  long-homed  breed.  Many  farmers  would 
gladly  be  in  possession  of  these  cattle  again,  could  they  obtain 
animals  of  pure  breed. 

A  change  needed,  on  farms  depending  chiefly  on  the  dairy,  is 
to  alter  the  course  of  cropping,  taking  fewer  com  and  more  root 
crops.  Cabbages  are  neglected,  whereas  on  dairy-farms  they 
would  be  very  useful ;  mangold — generally  a  sign  of  active  culti- 
vation— is  very  little  grown  in  Warwickshire. 

Leases  are  quite  uncommon.  Although  no  great  spirit  of  im- 
provement can  as  a  rule  be  anticipated  without  a  lease  or  a  com- 
pensatory provision  for  permanent  improvements,  it  must  be 
admitted  that  theory  on  this  subject  is  often  put  to  flight  by 
experience.  Nor  is  this  a  matter  to  complain  of.  We  may,  on  the 
contrary,  feel  thankful  that,  in  a  matter  of  personal  interest,  men 
can  be  amicably  united  by  the  ties  of  mutual  confidence  and 
good  faith,  of  which  this  county  furnishes  an  instance  in  the 
cordial  understanding  between  landlords  and  their  tenants  usually 
subsisting. 

Mr.  Murray  says  the  farmers  of  Warwickshire  are  a  "  sly, 
jealous  set ; "  we  are  happy  to  say  that  these  qualities,  together 
with  many  usual  concomitants  of  bad  husbandry,  are  rapidly  dis- 
appearing ;  and  instead  of  being  opposed,  as  he  sometimes  was 
in  his  inquiries,  we  were  received  during  our  survey  with  hospi- 
tality and  cordial  assistance.  The  business  of  farming  is  singu- 
larly free  from  what  in  other  occupations  are  called  trade  secrets ; 
and  where  the  husbandry  itself  is  good,  there  is  generally  a 
perfect  willingness  to  explain  matters  to  all  who  are  concerned. 
The  shyness  with  which  the  inferior  class  of  cultivators  answer 
all  inquiries  is  a  sufficient  proof  that,  if  their  prejudices  keep 
them  in  the  old  beaten  track,  they  are  yet  aware  of  the  error. 
There  are  still,  in  clay  districts,  a  considerable  number  of  small 
occupiers,  holding  farms  of  100  to  150  acres,  which  are  un- 
drained,  ill  cultivated,  producing  couch  instead  of  com,  sup- 
porting little  labour,  and  thus  robbing  the  community  of  one 
of  the  best  employments  of  its  capital,  viz.,  in  the  wages  of  the 
Industrious  Labourer. 
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XVIL  -^  On   the    Construction   of   Labourers^    Cottages.       Bj 
T.  W.  P.  Isaac,  Terrace  Walks,  Batk 

Prize  Essay. 

Introductory  Remarks. — It  is  to  be  deplored  that  most  of  the 
schemes  for  the  social  education  of  the  agricaltural  labourer  have 
not  met  with  the  success  which  they  deserve.  This,  no  donbt^ 
has  arisen  from  the  fact  that  these  well-meant  efforts  have  too 
often  assumed  the  form  of  charity,  and  thus  the  honest  feeling 
of  independence,  which  should  everywhere  exist,  has  been  well 
nigh  lost. 

The  greatest  assistance  that  can  be  rendered  to  the  labourer  i% 
to  induce  him  to  help  himself;  and  we  know  of  no  way  in  which 
this  can  be  more  effectually  accomplished  than  by  affording  him 
It  suitable  residence. 

It  cannot  be  denied  that  there  exists  a  very  intimate  connection 
between  bad  dwellings  and  bad  tenants  ;  and  it  is  equally  certain 
that  as  the  class  of  the  dwelling  is  raised,  the  character  of  the 
inhabitant  is  also  improved. 

In  Chadwick's  Report  on  the  Sanitary  Condition  of  the  Labour- 
ing Population,  1842,*  there  is  a  letter  from  the  chairman  of  the 
Bedford  Union  (see  p.  262).  In  this,  speaking  of  the  beneficial 
influence  which  improved  dwellings  produce  on  the  moral  habits, 
of  the  inmates,  he  says : — 

"  I  have  much  pleasure  in  saying  that  some  cases  of  the  kind  have  come  under 
my  own  observation,  and  I  consider  that  the  improvement  has  arisen  a  good 
deal  from  the  parties  feeling  that  they  are  somewhat  raised  in  the  scale  of 
society.  The  man  sees  his  wife  and  family  more  comfortable  than  formerly  ; 
he  has  a  better  cottage  and  garden,  he  is  stimulated  to  industry,  and,  as  be 
rises  in  respectability  of  station,  he  becomes  aware  that  he  has  a  character  to- 
lose.  Thus  an  important  point  is  gained.  Having  acquired  certain  advantages,, 
he  is  anxious  to  retain  and  improve  them ;  he  strives  more  to  preserve  his  inde^ 
pendence,  and  becomes  a  member  of  benefit,  medical,  and  clothing  societies^. 
and  frequently,  besides  this,  lays  up  a  certain  sum,  quarterly  or  half-yearly,, 
in  the  savings'  bank.  Almost  always  attendant  upon  these  advantages,  we 
find  the  man  sending  his  children  to  be  regularly  instructed  in  a  Sunday,  and, 
where  possible,  in  a  day  school,  and  himself  and  family  more  constant  in  their 
attendance  at  some  place  of  worship  on  the  Lord's  day. 

"  A  man  who  comes  home  to  a  poor  comfortless  hovel  after  his  day's  labotir^ 
and  sees  all  miserable  around  him,  has  his  spirits  more  often  depressed  than 
excited  by  it.  He  feels  that,  do  his  best,  he  shall  be  miserable  still,  and  is  too 
apt  to  fly  for  a  temporary  refuge  to  the  alehouse  or  beershop.  But  give  him 
the  means  of  making  himself  comfortable  by  his  own  industry,  and  I  am  con- 
vinced by  experience  that,  in  many  cases,  he  will  avail  himself  of  it." 

A  letter  from  the  clerk  of  the  Stafford  Union  in  the  above 

*  We  cannot  too  strongly  recommend  this  admirable  Report  to  the  notice  of  all 
owners  of  cottage  property. 
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Report  (p.  263),   offers   further   confirmation  of  the  foregoing 
views. 

After  speaking  of  poverty,  misery,  and  degradation  as  con- 
comitants with  the  wretched  hovels  of  the  poor  in  that  neighhour-^ 
hood,  the  writer  draws  the  following  contrast  of  the  state  of  the  iu- 
bitants  of  improved  dwellings : — 

"  On  the  contrary,  on  entering  an  improved  cottage,  consisting  on  the  ground- 
floor  of  a  room  for  the  family,  a  washhouse  and  a  pantry,  and  three  sleeping- 
rooms  over,  with  a  neat  and  well-cultivated  garden,  in  which  the  leisure  hours 
of  the  husband  being  both  pleasantly  and  profitably  employed,  he  has  no  desire 
to  frequent  the  beershop  or  spend  his  evenings  from  home;  the  children  are 
trained  to  labour,  to  habits  and  feelings  of  independence,  and  taught  to  connect 
happiness  with  industry  and  to  shrink  from  idleness  and  immorsdity." 

These  are  but  two  of  many  opinions  expressed  by  individuals 
whose  pursuits  enable  them  to  form  correct  conclusions  on  this 
subject.  Their  collective  judgment  appears  to  be,  that  the  first 
and  most  effectual  method  of  elevating  the  labourer,  is  to  provide 
him  a  comfortable  home  at  a  moderate  rent. 

To  offer  a  few  hints  and  suggestions  for  the  provision  of  a 
better  dwelling  for  the  labourer  is  the  object  of  this  paper. 

General  Views  as  regards  the  character  of  a  Labourer  s  Cottage^ 
— Before  proceeding  to  the  arrangements  and  details  connected 
with  this  subject,  we  would  state  our  general  views  as  regards  the 
character  of  a  labourer's  residence.  Although  many  benevolent 
persons  have  erected  cottages  and  let  them  at  sums  that  scarcely 
pay  2i  per  cent,  on  their  outlay,  yet,  as  a  general  rule,  we  may  be 
sure  there  will  be  no  lasting  improvement  in  dwellings  of  this 
class,  unless  they  yield  a  remunerative  interest. 

We  have  been  guided  by  this  principle  in  preparing  the  accom- 
panying plans.  We  believe  that  no  labourer  canafibrd  more  than* 
5/.  a  year  for  his  house ;  and  we  consider  investments  of  this- 
character  should  bear  a  gross  interest  of  6i  per  cent.  We,  there- 
fore, have  curtailed  our  design,  so  that  the  cost  shall  not  exceed 
85/.  a  cottage.* 

To  the  eye  of  taste  our  elevations  may  not  appear  sufiiciently 
ornamental ;  but  it  should  be  remembered  that  we  have  not  sought 
for  architectural  efiect,  but  have  endeavoured  to  combine  comfort 
with  economy. 

Tlie  introduction  of  gothic  gables,  verge  boards,  and  gable 
windows,  would,  we  are  aware,  have  been  productive  of  a  far  more 
agreeable  elevation.  But,  at  the  same  time,  we  fear  that  these 
advantages  would  be  dearly  purchased  when  we  ooDsider  that  by 
such  an  arrangement  the  comfort  of  the  inmates  would  be  lessened 

*  It  ^ill  be  observed  that  the  plan  does  not  include  the  nsual  appendage  of  a 
plgstye,  80  generally  thoag^t  desirable  far  agriciiltorai  laboarers. — Kd. 

2l2 


496  Construction  of  Labourers^  Cottages. 

and  the  expenses  increased  ;  for  these  gables  cause  constant  leaks, 
and  the  sharp  gothic  roof  renders  it  necessary  that  the  bedrooms 
should  be  partly  constructed  in  the  roof,  by  which  their  cubical 
contents  are  diminished  and  ventilation  rendered  more  difficult. 
.  But  if  the  builder  is  prepared  to  incur  the  further  cost,  the 
domestic  conveniences  of  the  accompanying  design  may  be  adapted 
to  a  more  tasteful  and  attractive  elevation.     (See  elevation  B.) 

We  would  suggest  that  the  best  plan  of  erecting  cottages  is  to 
build  them  in  detached  pairs,  such  an  arrangement  being  cheaper 
and  warmer. 

In  connection  with  each  pair  there  should  be  about  a  quarter 
of  an  acre  of  garden  ground  ;  the  same  should  extend  before  and 
behind  the  cottage.  It  is  advisable  to  have  a  front  garden  and 
back  yard  (the  latter  being  entered  from  the  back  kitchen),  con- 
taining a  privy,  liquid  manure  tank  or  covered  cesspool,  and  a 
place  for  dust  and  ashes. 

We  would  strongly  advise  that  proprietors  should  never  intrust 
to  their  renting  farmers  the  erection  of  labourers'  dwellings.  The 
injurious  results  of  such  a  reprehensible  practice  are  clearly 
visible  in  those  miserable  hovels  which  are  dignified  by  the  name 
of  cottages. 

Arrangement  of  Rooms  and  Internal  Fittings. — In  the  arrange- 
ment of  the  rooms  we  will  commence  with  the  chamber-floor ; 
and  here  we  would  suggest  that  it  should  be  essential  to  provide 
every  cottage  with  three  bedrooms,  such  an  arrangement  being 
absolutely  necessary  to  preserve  decency  and  morality. 

It  has  been  well  observed  by  a  recent  writer  *  that — 

"  One  crying  evil  prevails — ^want  of  proper  sleeping  accommodation  for  a 
family.  Many  cottages  have  only  one,  few  more  than  two  sleeping-rooms, 
often  to  accommodate  a  man  and  his  wife,  and  growing-np  sons  and  daughters. 
How  under  such  circiunstances  can  the  rural  population  he  expected  to  grow  up 
in  habits  of  decency,  morality,  and  virtue  ?  And  how  can  we  wonder  at  the 
amount  of  vice  and  immorality  which  unfortimately  prevails  ?  " 

The  size  of  these  rooms  forms  the  next  consideration.  No 
bedroom  should  either  be  formed  wholly  or  partially  in  the  roof, 
or  have  a  less  cubical  content  than  500  feet.  The  allowance  in 
hospitals  is  1000  cubic  feet  of  air  for  each  occupant,  in  prisons 
and  unions  500.  The  contents  of  the  bedrooms  of  the  accom- 
panying plan  are  8x9x8»576  feet  for  the  smaller  ones,  and 
12  X 12  X  8  =  1152  feet  for  the  larger  ones. 

In  the  arrangement  of  the  ground-floor  the  door  of  the  living- 
room  should  not  open  at  once  on  the  outer  air,  but  should,  if  pos- 
sible, lead  into  a  kind  of  entrance-passage  or  porch.  No  dwelling 
can  be  warm  where  this,  or  a  similar  arrangement  does  not  exist. 

♦  Sturge  on  the  Farmmg  of  Somersetshire,  p.  173. 
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The  pantry  should  not  conunmicafe  difecdy  with  the  wash- 
house  or  scullery,  since  the  food  contained  in  the  ^Dnner  would 
be  rendered  unwholesome  by  the  operations  carried  on  in  the 
latter.  A  receptacle  for  coal  should  be  constructed  under  the 
staiht,  within  easy  access  from  the  living-room. 

Belative  to  the  arrangement  of  rooinS|&a  in  labonran'  oottisges^ 
Af  r.  Loudon  says*— 

**  The  door  to  the  front  Idtdmi  or  best  room  should  opoDi  fivan  the  PotoIl 
and  not  from  the  back  kitchen,  whidi,  as  it  oontains  the  oooUng  utensils  ana 
washing  apparatus,  can  never  he  fit  for  hefaig  passed  throng  hy  a  stnnger,  or 
even  the  master  of  the  fiimily,  where  proper  regud  is  haoby  the  mistress  to 
cleanliness  or  delicacy. 

*'  When  there  is  not  a  supply  of  dean  water  from  a  spring  sdyoiiiiiig  the  cot- 
tage, or  from  some  Other  eflodent  souroe,  then  there  ougbt  to  he  a  weu  or  tank 
partly  under  the  floor  of  the  back  kitchen,  siuplied  torn  ihavoo^  with  a  pomp 
in  the  back  kitchen  for  drawing  it  up  for  use?^ 

By  placing  the  tank  or  well  under  tibe  back  kitchen,  we  both 
preserve  the  water  from  frost  and  save  the  labour  of  carrying  it 

The  stairs  should  rise  from  the  entrance  porch  or  lobby,  so  thai 
the  bed-rooms  may  be  approached  without  passing  thiangfa  die 
living-rooms ;  the  convenience  of  such  arrangement  in  case  of 
sickness  or  death  must  be  apparent. 

In  the  internal  fittings  a  contriiTanoe  (see  Fig.  in  the  aocompai- 
nying  Plan,  No.  4),  which  is  attended  with  small  expense,  might 
be  introduced.  It  consists  in  merely  turning  the  shutter  into  a 
table  ;  when  the  latter  is  not  Vequired  it  can  be  let  down,  anditis 
then  entirely  out  of  the  way. 

There  is  one  somewhat  important  fitting  of  a  cottage  to  which 
we  would  briefly  advert,  namely,  the  window. 

We  have  specified  for  oak  frames  with  wrought-iron  casements 
as  the  most  easily  obtained ;  but  at  the  same  time  we  think  that 
the  cottage-window  invented  by  Messrs.  M*CnlIoch  and  Co.  id 
Glasgow  is  preferable. 

The  committee  of  the  Highland  Agricultural  Society  appointed 
to  consider  the  means  of  improving  the  lodging  of  the  peasantry 
gave  much  attention  to  the  subject.  Thejofiimd  a  premium  for 
the  best  description  of  cottage  window,  and  awardeadie  same  to 
the  one  invented  by  M'CuUoch. 


*'  The  window  for  whjch  the  premium  was  awarded  to  Miissri  IKhilloch 
and  Co.  is  extremely  simple  in  its  eonstmotion,  and  msj  with  Slfe^  he  pro- 
nounced efficient  in  point  of  comfort  and  utility;  whUe  the  prioe^  it  is  Mieved, 
will  be  not  higher  than  the  cheapest  desciiptum  of  inn  windows  now  in  use, 
and  for  durability  will  he  prafeiaUe  to  those  of  any  oHur  msterisL  The 
dimensions  that  have  been  recommended  for  the  windows  cf  oidimBy  cottans 
are  39  inches  for  the  heig^  and  24  inahes  to  the  wldlli,  witiiin  the  wooden 
frames.    The  size  of  glass  required  for  these  fiames  k  Ti  1^  6}  indies.    The 

*  Chsdwid['s8saSlnxBipQi1^p.ia7. 
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sash  is  divided  into  two  unequal  parts,  the  lower  part  having  three  squares 
in  height,  and  the  upper  part  two.  The  lower  part  is  permanently  fixed,  while 
the  upper  part  is  constructed  to  turn  in  the  vertical  direction  on  pivots,  which 

are  situate  in  the  line  of  its  middle  as- 
tra^l ;  and  hoth  parts  are  set  in  a  sub- 
stantial wooden  frame,  which  may  be 
either  huilt  in  while  the  wall  is  erecting, 
or  may  be  set  in  afterwards  in  the 
ordinary  way  with  or  without  checked 
rabots,  according  to  the  taste  of  the 
proprietor.  The  window  and  its  ar- 
rangements will  be  better  understood 
by  reference  to  the  sketches,  where 
Fig.  1  is  an  inside  elevation.  Fig.  2 
a  plan,  and  Fig.  3  a  vertical  section, 
in  each  of  which  a  portion  of  the 
wall  is  exhibited,  and  the  same  let- 
ters refer  to  the  corresponding  partf 
in  each  figure ;  a  is  a  portion  of  t^e 
surrounding  wall,  h  the  wooden  frame 
of  the  window,  c  the  lower  sash,  whidi 
is  dormant,  and  d  the  upper  and  move- 
able sash.  In  Fig.  3  the  upper  sash  is 
represented  as  open  for  ventilation; 
when  shut  the  parts  of  the  opening  sash 
cover  and  overlap  the  fixed  parts  in  such 
a  manner  as  to  exclude  wind  and  water, 
but  when  ventilation  is  required  the 
arrangement  of  the  parts  which  produce 
this  is  such  as  to  enable  the  house- 
keeper to  admit  air  to  any  extent.  For 
this  purpose  the  notched  latch  e  is 
jointed  to  a  stud  in  the  edge  of  the 
sash  ;  a  simple  iron  pin  or  stud  is  also 
fixed  in  the  wooden  frame  at  »,  and,  the 
notches  of  the  latch  being  made  to  fall 
upon  this  stud  at  any  required  distance,  the  requisite 
degree  of  opening  is  secured,  and  when  the  sash  is  again 
closed  the  latch  falls  down  parallel  with  and  close  to  tiie 
sash.  To  secure  the  sashes  when  shut,  the  T  bolt  /,  in 
the  middle  of  the  meeting  bars,  has  only  to  be  turned  one- 
fourth  round,  and  the  moveable  sash  is  held  feutt  in  dots 
contact  with  the  other. 

'*  The  figures  represent  the  window  as  fiinished  up  with 
simple  dressings,  viz.  plain  deal  shutters,  facings,  and  sole^ 
which,  at  a  small  expense,  would  give  an  air  of  neatness 
and  comfort  to  the  apartment,  and  promote  a  corresponding 
taste  in  the  other  parts  of  the  cottage. 

'*  Though  the  dimensions  of  the  window  here  stated 
may  be  conceived  sufficient  for  lighting  an  apartment  of 
ordinary  size,  they  can  nevertheless  be  varied  to  suit  evenr 
purpose ;  this  may  be  done  either  by  employing  two  8U<£ 
windows  as  above  described,  with  a  mullion  of  wood  or  of 
stone  between  them,  or  the  single  window  may  be  enlarged 
by  one  or  two  squares  in  width  or  in  hei^t,  or  in  both 
directions." 


-  Althongli  it  k  beyond  the  limlii.of  intenud  fittingly,  we  wmsf 
here  allude  to  a  contrivance  lately  mtented  by 
Mr.  Beadon  of  Taunton,  called  the  jPWte»t  hi* 
perishable  Eaves  Gutter.  It  is  pecnliariy  appBo- 
able  to  agricoltural  dwdlings:  it  consists  of  the 
last  tile  being  fomied  with  a  cnrre,  as  shown  at 
Fig.  4 ;  it  is  nailed  to  die  last  batten,  and  pos- 
sesses the  advantage  of  dieapness  and  of  imnoisi*- 
bility  of  ripping  in  stormy  weather.  It  pusscnla 
also  a  more  sightly  appeannoe  than  the  ordinaiy 
shuting,  which  cannot  be  fined  paialU  to  this 
line  of  eaves,  or  is  liable  to  sag  between  &b 
supports.* 

Economy  of  JBhat^'-Xkie  veiy  impostsnt  featare  iniha-i 
of  warmth  is  the  substitotiett  ci  wood  floois  far  itoae,  bxick,  op 
tile  paving. 

In  the  Sanitary  Report,  p.  269,  the  effects  of  nsing  the  latter 
materials  are  thus  described  :-— 

**  In  BeiksliirB  the  floors  of  the  cottagM  sie  Isid  with  red  tila^i  oslled '  flsis,' 
or  with  bricks  of  a  remaikalile  pcftCKU  qiisH^,  aiitd  as  each  of  these  'fats'  or 
faiicks  will  absoib  half  a  pint  of  nater,  so  do  they  heoome  the  means  hy  which 
vapour  is  generated.  The  dfOKfdj  housewife^  who  prides  henelf  upon  the  neat 
luxd  fresh  appearance  cf  her  oottagSi  poms  sevecal  psils  of  watsr  upon  the  floor, 
and  when  she  has  completed  her  task  witii  the  beMBfe  dbs  jrooeeos  to  ramove 
ivith  a  mop  or  flannel  so  mooh  of  the  water  as  the  hneks  have  not  abaoibed. 

^  After  having  cleaned  the  eotiage,  the  flie  is  nsoal^  made  ap  toprepaie 
the  evening  meal,  and  vapoor  is  created  hy  the  action  of  the  heal  upon  the 
saturated  floor.  Thus  the  means  adi^ptod  to  pnify  the  apartment  are  equally 
sa  injurious  to  the  health  of  the  inmates  as  tiis  filth  ana  dirt  tnqpmalj  too 
abundant  in  the  cottages  of  lahonring  persons.** 

The  same  objection,  namdy  the  absorption  of  moisture,  does 
not  perhaps  apply  so  strongly  to  stone  as  tp  bnek  &ooam ;  slitt^it 
should  be  borne  in  mind  that  stone  is  ik  more  rapid  oeMndoi^ 
and  consequently  absorbs  a  laifer  |Mirti«n  of  l»eat  ma  bfiidu 

The  ground-floor  should  beat  IciMrt  6  inches  above  tlie  Jeiiel  of 
the  surrounding  soil,  and  a  lajer  of  slate  bedded  jo.  csiii^fit^OT 
gas-tar  and  pitch,  abonld  be  fand  «t  thnt  levtl  rojpund  the  ▼»&•  tp, 
prevent  the  damp  rising.  ■ ,    .     ■  . 

The  roof  should  project  About*  1  foot  6:inicbe%  jo  liifi^  iibm 
walls  of  the  cottage  may  be  Icept  diy,  and  the  radiation  of  beat  be 
checked. 

The  fireplaces  should  be  aWHmttad  bade  to  Itak  in  tfvr 


;  •  The  present  holder  of  the  paiwt*  Mr.  J. B.La«a%^ at  iaaai»  Si|fs,  •'I 

consider  the  gutter-tiles  more  partJealariy  adaiHed  te  sottaws  sad  dnua^ns  eC 
baUding;  as,  when  oBoeMtwthir  last  ftrsfsriSi  tlw  flies  sT  Ihs  lAes  It  44. 
epeh,  13  to  14  inches  in  MsftL  1 4e  net -sonrfisr.  thsiressi^  ^fcan  iaed,  is  mmr 
tbaD  5d.  per  foot ;  and«  in  ftet,  I  hart  oifered  to  pat  n  alaminMaiitrst- AsS- 
pnoe.  As  in  Dew  cottages  two  sees  a£<titasMibtsMlUti 
IpittersisTery.auijBkleisitiMasqrslfcf^"  .  ^ 
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middle  of  the  house ;  by  this  means  we  greatly  economise  our 
heat. 

In  the  accompanying  Plans  all  the  flues  are  carried  up  together  ; 
this  arrangement,  in  connection  with  a  warming  apparatus  or 
hot-air  chamber,  described  under  the  head  "  Ventilation,"  would, 
it  is  believed,  supersede  the  necessity  of  fireplaces  in  the  bedrooms. 

Although  thatch  undoubtedly  forms  the  warmest  roof  for  a  cot- 
tage, and  is  most  picturesque,  yet,  judging  from  our  own  exp^ 
rience,  we  would  advise  the  use  of  slate  or  tiles.  We  believe 
that  the  slow  decomposition  which  frequently  takes  place  in  the 
thatch  when  in  a  rotten  condition,  produces  the  most  disastrous 
effects  on  the  health  of  the  inmates,  and  often  occasions  fever. 

We  now  proceed  to  consider  the  heating  apparatus,  and  in  sa 
doing  shall  have  incidentally  to  touch  on  the  subject  of  ventilap 
tion,  since  the  two  are  so  closely  connected. 

We  have  specified  for  the  Newark  cottage  range*  in  the  living 

room  (see  Fig.  5). 


The  back  and  bottom  may 
be  formed  of  fire-lump,  bj 
which  arrangement  greates 
heat  is  obtained,  and  no 
bottom  bars  are  required 

The  door  of  the  oven 
when  open  forms  a  conve* 
nient  shelf,  and  the  firebars 
being  vertical  instead  of 
horizontal,  obstruct  as  little 
of  the  heat  as  possible;. 
whilst  the  smallest  coals  or 
cinders  may  be  used. 
The  price  of  these  grates  varies  according  to  their  size,  fix>m 
2/.  to  4/.t 

An  ironing-stove  may  be  added  to  these  ranges  at  the  cost  of 
3«.  extra,  provided  the  outside  dimensions  are  not  exceeded. 

The  cottage  grate,  manufactured  by  Hardy  and  Co.,  of  Wor- 
cester, known  as  the  2  feet  10,  or  3  feet  oven  and  stove-grate^ 
deserves  attention. 

This  grate  has  a  fire  from  10  to  12  inches  wide,  has  an  ovea 

♦  This  grate  obtained  the  Royal  Agricultural  Society's  prizes  at  York  and 
Exeter,  and  also  a  medal  at  the  Great  Exhibition. 

t  Kevised  prices  and  dimensions  of  the  above  prixe-ranges  complete,  fWwa 
July,  1853 :— 3  feet  wide,  54«.  6d. ;  3  feet  2  inches  wide,  57*.  6d. ;  3  feet  4  inches 
wide,  63a. ;  3  feet  6  inches  wide,  69a. ;  3  feet  8  inches  wide,  77a. ;  3  feet  10  inches 
wide,  82a.  6(/. 

The  above  gnttes  are  also  made  with  ovens  onlv,  and  no  boiler : — 30  inehcs 
wide,  36a. ;  33  inches  wide,  39a.  6</. ;  36  inches  wide,  43a. ;  39  inches  wide,  4et. ; 
42  inches  wide,  49a.  6^/. 

Or  without  the  oven,  but  with  boiler  and  brass  cock : — 90  inches  wide,  4Sfc  \ 
33  inches  wide,  46a. ;  36  inches  wide,  50a. ;  39  inches  wide,  52a.  6^. 
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on  one  side,  a  flat  or  stove  on  the  other,  a  draw-out  stand  at 
bottom,  on  which  anything  may  be  placed  before  the  fire. 

The  top  of  the  oven  and  the  flat  are  level  with  the  fire ;  thus 
in  cooking  the  entire  heat  is  made  use  of,  the  boilers,  &c.,  being 
placed  wholly  or  in  part  on  the  fire. 

The  oven  is  warmed  partly  by  the  heat  conducted  from  the 
fire  through  the  side,  and  partly  by  the  flue  under  and  at  the 
side  and  back. 

The  price  of  these  grates  is  from  26^.  to  28*.  The  back  is 
formed  wholly  of  fire-bricks ;  these  are  not  included  in  the  cost. 

In   the    cottage  erected  by   Sir   Stewart  Menteath,   Bart.,   at 
Closeburn,  there  is  a  warming-apparatus, 
of  which  Fig.  6  is  a  section. 

Behind  the  fireplace  of  the  kitchen  is  onktiasl 
an  iron  box.  One  side  of  this  box,  made 
of  strong  sheet-iron,  forms  the  back  of 
the  fireplace.  In  communication  with 
this  box,  or  air  chamber,  is  a  pipe  which 
admits  a  current  of  cold  air.  The  air 
entering  the  box,  and  being  heated  by  the 
fire,  ascends  through  a  pipe,  and  warms 
the  bedrooms. 

This  plan,  although  economical  of  heat, 
is  subject  to  one  serious  drawback,  viz., 
the  deterioration  of  the  air  which  passes 
through  the  flue,  for 

"  wlien  air  is  warmed  by  contact  with  heated  sur- 
faces, it  is  liable  to  be  deteriorated  in  quality  if  the 
communication  of  heat  be  too  sudden  and  intense. 
Tlie  minute  floccules  of  dust,  and  probably  many 
attenuated  }K)rtions  of  organic  matter  which  are 
generally  suspended  in  the  air,  and  mjrriads  of 
wliich  may  be  seen  floating  in  the  light  of  a  sun- 
beam, are  decomposed  at  high  temperatures,  and  their  decomposition  probably 
gives  that  scorched  or  roast^  flavour  which  is  perceived  in  air  which  has  been 
in  contact  with  hot  surfaces. 

"  Metallic  surfaces,  on  account  of  their  great  conducting  power,  by  which 
tliey  readily  receive  and  as  readily  part  with  heat,  are  most  apt  to  produce  this 
efi'ect  on  the  air.  It  is  therefore  highly  disadvantageous  to  employ  such 
materials  in  any  apparatus  for  heating,  unless  their  temperature  be  kept  mode- 
rate. To  avoid  all  risk  of  unpleasant  effects,  the  surfaces  employed  to  warm 
air  for  liuman  use  should  never  be  heated  above  the  temperature  of  107°." 

Whilst  adopting  the  principle  of  warming  the  bed-rooms  by 
means  of  the  fire  on  the  ground-floor,  we  have  taken  care  that 
the  heating  surface  shall  be  of  no  deleterious  character. 

We  have  introduced  Pearce's  Fire-Lump  Grate,*  which  con- 
sists of  a  hollow  back  formed  of  fire-lump,  and  acting  as  a 
warming  chamber.     This  chamber  receives,  by  means  of  a  pipe, 

*  A  medal  at  the  Great  Exfaibition  was  awarded  to  this  grate* 
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fresh  air  from  the  external  air.  Another  pipe  ascends  to  the 
chamber  floors,  and  supplies  them  with  heated  air.  We  shall 
touch  upon  the  advantage  which  these  grates  afford  for  ventila- 
tion when  treating  of  the  subject  of  ventilation.  Their  cost  is 
from  3O5.  to  355. 

Ventilatioru — The  subject  of  ventilation  is  of  greater  import- 
ance than  is  generally  imagined  or  admitted,  as  on  it  depends 
much  of  the  health  and  comfort  of  the  inmates ;  it  has,  however, 
been  too  much  neglected  in  the  labourer's  cottage : — 

'*  Those  who  are  called  by  duty  to  visit  the  honses  of  the  labouring  olssses 
find  their  powers  of  endurance  to  be  more  taxed,  and  their  health  more 
hazarded,  than  in  the  wards  of  a  hospital  rife  with  disease— the  bulk  of  Hia 
population  living  in  small  rooms,  frequently  occupied  day  and  night  continu- 
ously by  parents  and  children  in  sickness  and  in  health ;  at  times  even  by  the' 
dead  as  well  as  the  Uving.*** 

The  Rev.  C.  Walkey,  of  CoUumpton,  makes  the  following 
remarks  on  the  same  subject : — 

"  Cottages  for  the  most  part  are  without  sufficient  ventilation,  particularly 
in  the  upstairs  apartment,  this  being  almost  invariably  without  a  chimney, 
with  a  low  window,  commonly  about  two  feet  from  the  floor,  and  having  no 
ceiling ;  therefore  the  thatched  roof,  lofty  in  itself  and  full  of  cobwebs,  ooutsim 
the  foul  air ;  and  in  several  instances  I  have  been  the  means  of  restoring  health 
apparently  by  blowing  gunpowder  in  cases  where  fever  has  raged  for  monthSi 
the  ground-floors  being  often  damp— very  seldom  above  the  level  of  the  land.**t 

It  need  hardly  be  said  that  a  system  of  ventilation  for  a 
labourer's  cottage  should  be  simple  in  its  character,  cheap  in  its 
construction,  and  effective  in  its  operation. 

The  smoky  chimney  too  often  accompanies  bad  ventilation ; 
both  proceed  from  the  same  cause — insufficient  supply  of  fresh  air. 

In  the  accompanying  plans,  Pearce's 
ventilating  grates  are  used,  which,  as 
they  draw  a  supply  of  oxygen  from  the 
external  atmosphere,  diminish  the  chance 
of  smoking;  at  the  same  time  they 
give  to  the  rooms  a  continuous  and  un- 
limited supply  of  fresh  air  warmed  to  a 
moderate  temperature  over  undeleterious 
surfaces.  The  operation  of  these  grates 
will  be  understood  from  the  accompanying 
sketch  (see  Fig.  7) : — Fresh  air  is  supplied 
by  a  pipe  A  to  an  air  chamber  B  formed 
of  fire-lump.  This  air,  when  sufficiently 
heated,  passes  by  a  pipe  C  through  a  valve 
D  into  the  room.  The  vitiated  air  escapes 
through  one  of  Dr.  Amott's  valves  E  into 
the  chimney.  We  would  strongly  advise 
the  use  of  these  air-traps ;  they  can  be 


♦  Mr.  Uoyd. 
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obtained  of  nearly  every  ironmonger,  at  a  cost  ci  from  6f.  to  12«. 
Dr.  Arnott,  in  a  letter  to  '  The  Times,'  dated  22nd  September, 
1849,  makes  the  following  remarks  on  them  : — 

"  For  years  past  I  have  recommended  the  adoption  of  such  ventilating 
chimney  openings  as  ahove  described,  and  I  have  devised  a  balanced  metallic 
valve,  to  prevent,  during  the  use  of  fires,  the  escape  of  smoke  to  the  room. 
Tlie  advantages  of  these  openings  and  valves  were  soon  so  manifest,  that  the 
referees  appointed  under  the  Building  Act  added  a  clause  to  their  bill,  allowing 
the  introduction  of  the  valves,  and  directing  how  they  were  to  be  placed,  and 
they  are  now  in  very  extensive  use. 

"  A  good  illustration  of  the  subject  was  afforded  in  St.  James's  parish,  where 
some  quarters  are  densely  inhabited  by  fEunilies  of  Irish  labourers. 

*'  Tliese  localities  formerly  sent  an  enormous  number  of  sick  to  the  neigh- 
bouring disix^nsary.  Mr.  Toynbee,  the  able  medical  chief  of  that  dispensary, 
came  to  consult  me  respecting  the  ventilation  of  such  places,  and,  on  my  recom- 
mendation, had  openings  made  into  the  chimney-flues  of  the  rooms  near  the 
ceilings,  by  removing  a  single  brick  and  placing  there  a  piece  of  wire-gauze,  with 
a  light  curtain-flap  hanging  against  the  inside,  to  prevent  the  issue  of  smoke 
in  windy  or  gusty  weather.  The  decided  effect  produced  at  once  on  the 
feelings  of  the  inmates  was  so  remarkable,  that  there  was  an  extensive  demand 
for  the  now  appliance,  and,  as  a  consequence  of  its  adoption,  Mr.  Toynbee 
had  soon  to  report,  in  evidence  given  before  the  Health  of  Towns  Committee 
and  in  otlier  ])ublished  documents,  both  an  extraordinary  reduction  of  the 
number  of  sick  applying  for  relief  and  of  the  severity  of  diseases  occurring. 

"  Wide  experience  elsewhere  has  since  obtained  similar  results.  Most  of  the 
hospitals  and  poorhouses  in  the  kingdom  now  have  these  chimney-valves ;  and 
most  of  the  medical  men  and  others  who  have  published  of  late  on  sanitary 
matters  have  strongly  commended  them." 

It  is  important  that  one  casement  in  every  window  should  be 
made  to  open,  for  although  such  an  arrangement  will  not  effectually 
ventilate,  yet  it  materially  assists  ventilation. 

It  will  be  observed  that  the  door  between  the  living-room  and 
wash-house  is  made  to  open  towards  the  fire.  The  reason  of  this 
arrangement  is  best  explained  by  an  extract  from  Tomlinson's 
work  on  ventilation : — 

"  Chimneys  which  otherwise  draw  well  will  often  smoke  from  the  improper 
situation  of  a  door.  Thus  when  the  door  and  the  chimney  are  on  the  same  side 
of  tlie  room,  and  the  door,  being  in  the  comer,  is  made  to  open  against  tiie  wall, 
as  is  usually  done,  to  have  it  more  out  of  the  way,  it  follows  that  when  the  door 
is  partially  opened  a  current  of  air  rushes  in  and  passes  along  the  wall  into  and 
across  the  oi)ening  of  the  fireplace,  and  whisks  the  smoke  into  the  room.  This 
happens  more  frequently  when  the  door  is  being  shut,  for  then  tlie  fooe  of  the 
current  is  increased,  and  persons  sitting  near  the  fire  feel  all  the  inconvenience 
both  of  the  draught  and  the  smoke.  A  remedy  may  be  fonnd  by  an  intervening 
screen,  projecting  from  the  wall  and  passing  round  a  great  part  of  the  fireplace^ 
or  still  l)etter,  by  shifting  the  hinges  of  the  door  so  as  to  throw  the  air  along 
the  other  wall." 

When  the  bedrooms  are  formed  either  partially  or  wholly  in 
the  roof,  their  cubical  content  is  diminished,  and  the  difficulties 
of  ventilation  proportionably  increased. 

Tlie  accompanying  plans  are  designed  in  accordance  with  this 
principle,  no  portion  of  the  bedrooms  being  constmcted  in  the 
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gable ;  consequently  their  cubical  content  is  considerably  above 
the  average  of  cottage  rooms. 

Drainage, — ^The  drainage  of  a  pair  of  agricultural  cottages 
offers  but  a  narrow  field  for  remarks.  For  first  it  would  of 
course  be  out  of  our  limits  to  allude  to  any  extended  scheme  of 
drainage,  by  which  a  whole  neighbourhood  might  be  drained 
to  one  level,  and  the  manure  applied  to  purposes  of  agri- 
culture. 

And  secondly,  it  would  be  superfluous  and  absurd  in  these 
days  of  medical  and  chemical  science  to  attempt  to  prove  that 
bad  drainage  is  the  prolific  source  of  disease :  our  remarks  must 
therefore  be  of  a  very  practical  character,  and  our  attention  con- 
fined to  mere  details. 

We  have  frequently  had  brought  under  our  notice  the  open 
cesspools,  or  dead  holes,  which  are  too  frequently  used. 

They  are  generally  mere  pits  dug  in  the  ground,  and  are  often 
found  to  drain  themselves — in  doing  so  they  saturate  the  whole 
neighbourhood  with  drainage  matter,  and  give  rise  to  the  most 
noxious  gases. 

For  these  dead-holes  we  would  substitute  cesspools  properly 
paved,  lined,  and  domed  with  brick  set  in  cement. 

All  openings  into  the  same  should  be  properly  trapped  to 
prevent  the  return  of  any  vapour  or  gases. 

In  the  accompanying  plans  the  arrangement  proposed  is  ex- 

T        tremely  simple. 
The  ground  underneath  the  privies  and 
ji:a5.  o.  ashpit  is  excavated  to  the  depth  of  6  feet,  and 

lined  and  domed  with  bricks  set  in  cement  * 
In  the  ashpit  a  9-inch  opening  B  is  made 
in  the  dome  of  the  cesspool  This  opening 
is  fitted  with  an  iron  plate  and  rod,  and  at 
certain  intervals  the  plate  B  is  pulled  up, 
and  the  accumulated  ashes  falling  down  par* 
tially  deodorize  the  soil. 

A  man  hole  fitted  with  a  stone  slab  and 
ring  is  formed  in  connection  with  the  same. 
These  privies  are  provided  with  a  cheap 
and  simple  trap  and  basin.* 
This  apparatus  will  be  effectual  as  long  as  the  trap  is  sup- 
plied with  water,  but  since  this  will  increase  the  bulk  of  the 
sewage,  it  would  be  advisable  to  form  a  communication  with 
some  drain,  by  means  of  a  drain  pipe  inserted  within  1  foot  of 
the  head  of  the  cesspool.  This  would  draw  off  the  water  and 
leave  the  sewage  at  a  uniform  depth. 

*  Those  formed  in  one  or  t'wo  pieces  of  stone-ware,  ma^  be  porchased  at  about 
7«.  6d.  together ;  allowing  b$,  ed.  for  fixing,  &c,  one  priTj  may  be  effeetaally 
trapped  at  aboat  ISg.  or  26«.  the  two. 
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When  the  circumstances  allow,  the  water  from  the  pomp  maj 
be  used  for  the  purpose  of  flushing  the  ptes. 

The  waste  water  from  the  pump  might  be  carried  by  a  1-inch 
lead  pipe  within  1  foot  of  the  first  pan,  and  from  this  2  pipes  4 
diameter  should  diverge. 

This  arrangement  would  flush  both  pans  at  the  same  time. 

The  best  kind  of  trap  for  the  sink  is  perhaps  the  bell  trap, 
Fig.  4,  in  accompanying  plans,  which,  however,  may  be  improved 
by  having  a  hinge  with  a  projecting  piece  of  metal,  which,  while  it 
allows  of  the  bell  being  partially  raised  by  the  knob  B,  prevents 
it  from  being  thrown  back  and  left  open. 

It  has  been  well  said  that  a  man's  comfort  depends  upon  a 
variety  of  circumstances,  which,  though  singly  they  may  seem 
trivial,  do  really  make  up  a  large  proportion  of  the  sum  of  earthly 
happiness.  We  have  kept  sight  of  this  principle  in  the  fore- 
going remarks ;  believing  that  nothing  which  tends  to  make  the 
labourer's  cottage  commodious,  cheerful,  and  healthy,  is  beneath 
the  notice  of  the  landlord  or  the  philanthropist.  The  beneficial 
results  attendant  upon  a  due  attention  to  ventilation,  drainage, 
warmth,  and  accommodation,  are  many  and  indisputable ;  results 
which  are  seen  not  only  in  the  physical,  but  also  in  the  social  and 
moral  character  of  the  tenant — ^results  of  which  not  the  least  is 
tliat  the  labourer  is  thereby  induced  to  consider  his  dwellings 
place  as  his  home. 


Specification  of  Sundry  Works  required  in  the  Erection  of  a  pair  of 
Agricultural  Labourers^  Cottages  according  to  the  accompanying  Design, 

Excavator, — The  foundations  of  the  various  walls  and  all  necessary  excava- 
tions for  tlio  water-pipes  and  drains  to  be  taken  out  to  the  required  depths, 
and  all  surface-mould  taken  off. 

Tlie  surface  of  the  room  on  the  ground-floor  to  be  excavated  to  the  depth  of 
1  foot,  and  projier  air-traps  fixed  for  circulation  of  air. 

The  soil  thus  removed,  and  also  that  which  may  arise  from  all  other  excava- 
iions,  to  l>e  distributed  around  the  exterior,  so  as  to  give  a  desoeni  in  every 
direction  from  the  buildings. 

Mason. — Form  cesspool  6  ft.  deep  under  the  privy  and  ashpit,  and  line, 
pave,  and  dome  the  same  with  4i  in.  brick  set  in  cement. 

Build  the  privy  and  ashpit  in  the  position  and  to  the  heights  shown  on 
plans,  with  4J  in.  brickwork. 

Form  man-hole  in  connexion  with  cesspool,  and  cover  the  same  with  Pennant 
or  other  hard  stone  slab,  with  iron  ring  in  same.  Form  hole  in  dome  of  cess- 
jx)ol,  and  fit  the  same  with  iron  plate  and  rod,  as  suggested  in  Essay  under 
the  head  "  Drainage."  Fix  two  stoneware  connected  closet-pans  with  syphon- 
trap  at  the  head  of  soilage-pipes. 

Pave  the  privy  floors  with  1  ft.  square  paving-tiles,  IJ  in.  thick. 

The  footings  to  be  built  with  good  hard  well-bumt  stock  bricks,  with  close 
joints  filled  in  solid  and  well  flushed  with  mortar. 

The  moi*tar  to  be  composed  of  well-bumt  stone-lime  and  sharp  clean  sand, 
mixed  up  with  a  small  quantity  of  smith's  ashes  in  proper  proportions. 

A  thick  layer  of  gas-tar  and  pitch,  mixed  to  a  proper  consistency,  to  be 
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spread  hot  over  the  horizontal  surface  of  all  the  wallsy  and  dry  sand  scatfeiecl 
over  the  same  at  the  ground-level  to  prevent  the  damp  rising. 

The  walls  to  be  built  as  shown  on  drawing,  using  sound,  hard,  weU-bumi, 
red  bricks,  with  grey  stocks  for  aU  angles,  labels,  and  sills ;  splay  bricks  to  be 
used  for  the  plinth. 

Discharging  arches  to  be  turned  over  all  the  doors  and  windows  on  the 
ground-floor. 

The  arches  of  the  living-room  and  scullery  fireplaces  to  be  turned  upon  iron 
chimney-bars. 

The  smoke-flues  to  be  carried  up  as  shown  on  plan,  9  in.  square,  properly 
cored  and  pargetted  with  cowdung  mortar. 

A  4  in.  socket-pipe  for  the  supply  of  air  to  the  grates  to  be  laid  from  » 
grating  in  front  of  the  cottage. 

Form  all  the  necessary  flues  for  the  ventilating  apparatus  connected  with 
Pearoe's  fire-lump  cottage  grate. 

A  rubbed  hearthstone  to  be  laid  to  the  fireplace  of  the  living-room,  and  a 
brick  hearth  to  that  of  the  scullery,  with  proper  back  hearths,  the  same  to  be 
1  ft.  loi^r  than  their  respective  openings. 

The  living-room,  scullery,  and  bedroom  grates  to  be  set  with  good  soft  fire- 
bricks ;  the  brickwork  of  copper  to  be  built  with  rounded  bricks,  and  cased 
with  fire-bricks  where  exposed  to  the  fire. 

The  walls  inside  the  scullery  and  pantry  to  be  neatly  pointed  and  stained  a 
light  stone-colour.  Wood-bricks  to  be  built  into  the  walls  as  the  works  proceed, 
for  the  pur{)ose  of  fixing  the  window-frames  and  door-jambs. 

4i  in.  dwarf  walls,  as  shown  on  section,  to  be  carried  up  to  take  joists  of 
ground-flour,  the  same  to  be  not  more  than  4  ft.  from  centre  to  centre. 

A  tooled  flagstone,  with  a  plain  wrought-iron  scraper  fixed  therein,  to  be 
laid  in  front  of  each  porch  door. 

A  5  in.  dished  sink-stone,  2  ft.  by  1  ft.  6  in;,  to  be  fixed  on  brick  piem 
in  scullery,  and  the  lead  pipes  and  air-trap,  as  hereafter  described,  let  into 
the  same. 

A  similar  stone,  with  a  plain  wrought-iron  grating  let  into  the  same,  to  be 
fixed  in  the  front  of  the  cottage,  over  the  termination  of  the  air-pipes. 

Each  of  the  windows  to  have  a  sill  of  Bath,  or  other  stone,  as  the  case  may 
be,  9  in.  wide  and  3  in.  thick,  wrought  with  fair  edges  and  ends  throated  and 
laid  sloping. 

Slate  chimney-pieces,  with  jambs  6  in.  wide,  and  shelves  to  be  fixed  to  fire^ 
places.  The  outer  doors  to  have  a  3  in.  tooled  flagstone  sill  15  in.  wide^ 
mortised  to  receive  door-frames. 

Turn  trimmer-arches,  and  provide  and  fix  tooled  stone  hearths  to  the  bed- 
room  fireplaces. 

The  whole  of  the  brickwork  is  to  be  done  in  manner  of  English  bond,  and 
is  to  bo  completely  laid  in,  and  to  be  entirely  flushed  up  at  every  course  with 
mortar;  and- the  whole  of  the  foundation- work  is  to  l»  grouted  with  liquid 
mortar  at  every  course.  No  four  courses  of  the  work  are  to  rise  more  than 
1  in.  besides  the  height  of  the  bricks,  and  there  is  to  be  no  difierenoe  between 
the  soundness  and  goodness  of  the  outside  work  and  of  the  inside  work,  no 
variation  being  allowed  therein,  except  that  the  work  intended  to  be  plastered 
is  to  have  the  joints  thereof  left  rough  for  the  adherence  of  the  plastering. 

2Vfcr.— Tbe  roof  to  be  covered  with  plain  and  ornamental  rounded  tileB^ 
three  rows  of  plain,  and  then  two  rows  of  rounded  tiles,  to  be  fixed  alternately 
on  laths  1  in.  by  |  in.,  with  proper  valley  tiles  and  ornamental  ridge  or  crease 
tiles ;  the  gables  to  be  finished  with  proper  gable  tiles  and  pointed  with  dark* 
tinted  mortar.    The  outbuildings  to  be  covered  with  Roman  tiles. 

Carpenter  and  Joiner, — The  timbers  used  to  be  free  from  sapwood,  shake^ 
large  or  dead  knots,  or  other  defects,  and  to  be  perfectly  well  seasoned. 

The  roof  to  be  constructed  with  two  pair  of  principals,  with  timbers  of  th^ 
following  scantlings,  viz.  :-^ 
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Principals  of  elm,  10  in.  by  4  in.  at  boitomy  9  in.  by  3  in.  at  top. 
Wall-plates  of  Memel,  4  in.  by  3  in. 
Purlins  of  Memel  fir,  6  in.  by  3  in. 
Tie-beam  of  Memel,  11  in.  by  3  in. 
Ridge  of  Memel,  6  in.  by  2  in. 
Stnitts,  5  in.  by  3  in. 
Kingpost,  9  in.  by  3  in. 

Barters  of  Memel  fir,  4  in.  by  2  in.,  the  same  to  be  set  not  mcHre  thaD 
16  in.  from  centre  to  centre. 

The  ends  of  the  rafters,  wall-plates,  and  pnrlins,  to  be  carried  1  ft.  beyond 
the  walls,  and  to  be  faced  with  f  in.  beaded  boarding  and  finished  with  an  ogee. 

The  roof  of  outbuildings  to  be  formed  with  rafters  of  Memel  fir ;  the  wall- 
plates  to  be  of  elm,  4  in.  by  3  in. 

The  ceiling-joist  to  be  of  yellow  pine,  3  in.  by  4  in.,  grooved  into  the  tie- 
beam. 

The  joists  of  chamber  floor  to  be  of  elm,  9  in.  by  21  in.,  chain-braced  in 
two  places,  and  set  not  more  than  14  in.  from  centre  to  centre  ;  all  trimmers- 
to  bo  9  in.  by  3  in.  ;  the  wall-plate  of  the  same  to  be  of  elm,  4  in.  by  3  in. 

The  joists  of  the  ground-floor  to  be  of  elm  6  in.  by  3  in.,  set  not  more  than 
14  in.  from  centre  to  centre,  the  same  to  rest  on  dwarf  walls  of  4^  in.  brick. 

Oak  lintels,  3  in.  thick  and  18  in.  wider  than  their  respective  openings,  to  be 
fixed  over  all  doors  and  windows. 

The  joiners'  work  throughout,  nnless  otherwise  specified,  to  be  of  yellow 
pine  ;  the  same  to  be  stained  a  light  oak  colour  and  varnished. 

The  chamber-floor  to  be  of  well-seasoned  Memel,  and  that  of  the  gronnd- 
floor  of  well-seasoned  elm,  1  in.  thick,  and  not  more  than  6  in.  wide,  well 
planed  and  jointed ;  the  whole  to  be  bradded  and  neatly  and  securely  made. 

The  staircases  to  be  of  1-in.  elm,  properly  housed  into  1-in.  drag-board,  and 
carried  up,  as  shown  on  plan,  with  8-in.  treads,  and  7-inch  risers,  the  same  to 
have  a  strong  moulded  deal  hand-rail  with  turned  and  mitred  caps,  framed  and 
turned  newels  3  in.  by  3^  in.,  bar  balustres,  1  in.  square,  and  all  other  fittings 
and  appurtenances  of  every  requisite  kind. 

The  boys'  and  girls'  rooms,  as  well  as  a  part  of  the  parents'  room,  by  the 
passaf^e,  to  be  separated  by  fir-quartered  partitions,  with  quarters,  heads,  and 
sills,  3  in.  by  3  in. 

The  external  front  or  principal  entrance  doorway  to  be  fitted  with  a  proper  fir 
doorcase,  5  in.  by  4  in.  and  a  four -panel,  bead,  flush,  and  square-framed  door, 
hung  with  4-in.  butt  hinges,  two  10-in.  rod-bolts,  and  a  10-in.  iron-rimmed 
drawback  lock  with  strong  brass  furniture. 

The  back  doorways  and  the  doors  of  the  privies  to  be  fitted  with  proper  fir 
d()orcas(.'s,  4  in.  by  4  in.,  and  f-io*  ^'^  wrought,  beaded,  grooved,  cross- 
t<)uii;ued  and  lodged  doors,  hung  with  18-in.  cross  garnet  hinges  and  Norfolk 
thumb-latches,  and  to  put  to  the  back  door  two  10-in.  rod  Mts,  and  to  the 
privy  door  a  small  bolt.  All  other  doors  to  be  J-in.  battens,  with  three  ledges 
at  the  back,  hung  each  with  a  pair  of  3^in.  butt  hinges,  the  same  to  have  a 
good  7-in.  iron-rimmed  lock,  with  key  and  strong  brass  fnmitnre. 

Tut  to  all  the  doors  the  requisite  linings  of  IJ-on.  yellow  deal,  single  rebated. 

The  window-frames  to  be  of  oak,  and  of  the  description  shown  on  drawings 
"uith  5-in.  hinges,  and  1-in.  window-boards  with  nmnded  edges  to  stop  the 
pljistoring ;  one  casement  in  each  window  to  be  made  to  open. 

{Skirting -boards  with  beading,  5^  in.  by  I  in.,  to  be  fixed  in  all  the  rooms. 

Dr.  Arnott's  air-trap  to  be  fixed  in  all  the  rooms,  near  the  ceiling,  in  conneo* 
tion  with  the  smoke  flue. 

A  |-in.  shutter  to  be  hung  to  the  front  windows,  with  snpports,  so  as  to 
form  a  table  when  necessary,  in  the  manner  shown  in  drawings  of  the  same. 

Angle-beads  to  be  fixed  to  the  chinmey-breastB  and  other  angles  to  protect 
the  plastering. 
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Two  rows  of  1  in.  shelves  to  be  fixed  in  the  pantry. 

A  proper  seat  and  riser  with  flap  and  hinges  to  he  fixed  in  the  privy. 

Plasterer,— ThQ  whole  of  the  ceilings  to  be  lathed  with  best  split  Baltic 
laths  not  less  than  {^  of  an  inch  thick,  and  weU  broken  at  the  joints. 

The  whole  of  the  interior  walls  (with  the  exception  of  the  washhonse)  and 
pantry  walls,  as  well  as  the  ceilings,  to  be  plastered  with  two  coats  of  plaster, 
well  hand-floated  and  twice  lime-whitened. 

Ironmonger. — ^A4  in.  semicircular  iron  shute,  with'iron  bearers,  screwed  to  the 
rafter  6  ft.  apart,  to  be  fixed  to  the  eaves  of  the  roof ;'  or  a  gutter  formed  in  clay, 
similar  to  that  patented  by  Mr.  Beadon  of  Taunton,  properly  glazed,  and  fixed 
■with  Portland  cement,  would  answer  well  for  the  purpose. 

A  2^  zinc  down-pipe,  with  iron  shoes  and  beads,  to  be  fixed  in  the  position 
marked  on  elevations. 

A  bell-trap  of  the  description  shown  on  plans,  with  lead-piping  attached,  to 
be  fixed  to  the  trap-stone  in  scullery. 

Cast-iron  casements  to  be  fixed  to  all  the  windows ;  one  casement  in  each  to 
be  made  so  as  to  open,  with  proper  hinges  and  fiwtener. 

A  grating  to  be  fixed  over  the  heads  of  air-pipes,  in  stone  fixed  for  that  par- 
pose  in  the  front  of  the  cottages. 

Three  cast-iron  hat  and  coat  hooks  to  be  fixed  in  the  entrance-passage. 

A  proper  copper  to  be  fixed  in  back  kitchen,  with  stove  for  heating  water. 

Fix  in  the  living-room  a  33-in.  Newark  cottage-range.  In  the  wash-house 
Pearce's  fire-lump  grate  for  heating  two  rooms  at  once,  of  the  value  of  36f.  Fix 
all  the  necessary  flues,  valves,  &c.  required  for  the  ventilating  and  wanning 
connected  with  Pearce's  grates. 

In  the  parente'-room  Pearce's  fire-lump  grate  of  the  value  of  15«.  6(f. 

To  provide  and  fix  in  the  garden  against  the  cottage  a  strong,  sound,  and 
good  winc-pipo  to  serve  as  a  waterbutt,  and  to  put  thereto  |-in.  lead  pipe  lead- 
ing from  the  waterbutt  to  the  sink,  and  to  put  to  the  water  butt  two  good 
brass  cocks,  one  to  draw  water  at  the  sink,  and  the  other  to  draw  water  in  the 
garden. 

Plumber,  Olazier,  and  Painter, — All  the  lead  necessary  for  the  loof  to  be  6 
lbs.  to  the  superficial  foot. 
1-in.  lead  pipe  from  trap  in  scullery  to  be  laid  to  the  most  convenien  tlevel. 

The  whole  of  the  windows  to  be  glazed  with  seconds  Newcastle  crown  glass. 

The  whole  of  the  wood-work  not  stained,  as  well  as  all  iron-work,  to  be 
painted  four  times  in  oil. 

General  Conditions. — The  contractor  is  to  perform  the  whole  of  the  works  in 
the  very  best  manner,  with  the  very  best  and  the  most  approved  materials  and 
labour  of  their  respective  kinds  ;  he  is,  under  the  direction  of  and  to  the  entire 
approbation  of  the  architect,  to  provide,  fix,  and  execute  all  works  which  are  spe- 
cified, represented,  or  implied  in  or  by  this  specification,  or  in  or  by  the  draw- 
ings thereby  referred  to  or  either  of  them,  or  which  may  be  requisite  for  render- 
ing every  part  of  the  buildings,  works,  and  appurtenances  complete,  and  to  make 
f^ooA  all  damage  caused  by  the  execution  thereof,  without  any  char^  of  any 
kind  thence  arising  and  becoming  due,  except  the  amount  of  the  consideration 
of  the  contract ;  and  the  architect  is  to  have  power  to  order  any  alterations  in 
the  form  of  the  structure  or  of  the  finishers  thereof  without  vitiating  the  con- 
tract, and  the  difft»ronce  of  expense  (if  any)  caused  by  any  such  alteration  so 
directed  shall  be  ascertained  after  the  rate  of  the  schedule  of  prices  hereto 
attached ;  and  if  such  schedule  be  found  in  any  manner  deficient,  then  the 
aforesaid  architect  is  to  calculate  and  determine  such  additional  prices  as  may  be 
requisite,  the  same  being  after  the  same  rate  of  cost  and  profit  as  those  con- 
tained in  the  said  schedule. 

Itemiirks  on  Estimate, — The  estimate  of  cost  is  framed  on  the  supposition 
that  bricks  can  be  obtained  at  26«.  per  thousand,  and  that  the  price  of  other 
materials  and  labour  \Yould  be  in  the  coimtry  10  per  cent,  below  the  Landon 
prices. 
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Plans —No.  1. 


ELEVATION 


Note.— The  Klf.vation  A  is  the  one  to  which  the  accompanying  Flans  and  l^^ificatlon  more 
iwrtlcularly  refer,  and  on  which  the  Estimate  of  Cost  is  framed. 
The  Elevation  B  could  be  used  with  some  arrangement  of  Rooms  in  the  Ground  and 
Chamber  Plans,  with  the  exception  of  the  Living  and  Parents'  Rooms  being  brought  out 
1  foot,  so  as  to  give  a  break  at  C  and  D.  This  ElevatioQ  would  cause  an  Increase  of  251. 
in  the  cost  of  erection. 

Scale,  l-8th  of  an  inch  to  a  Foot—Estimated  Cdst  1701.  the  pair. 
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Iha  in.    {^ 


[An  the  Roonuoo  Oround«aoor  to  be  8  ft.  e  in.  high.— Wood  1 
GROUND      FLAN. 


It  to  all  Um  Rooow.] 


Note.— The  amuigement  of  Rooms  in  this  Plan  offers  (among  others)  the  following  advantages.*— 
Ist.  The  Porch  or  Entrance  prevents  the  cold  draughts  which  are  the  certain  oonseqaence  of  the 

door  of  the  Llvhig>room  opening  at  once  Into  the  air. 
2nd.  The  economy  of  heat  resoltlng  from  the  arrangement  of  the  Fines. 
[   3rd.  The  separation  of  the  Pantry  from  the  rest  of  the  House,  so  as  to  afford  a  repository  for 
Meat*  &c^  free  from  the  steam  of  the  Wash-house  or  the  fumes  of  the  Living-room. 
4th.   An  easy,  light,  and  wide  Stairs. 
The  length  of  the  building  might  be  curtailed  4  feet,  by  taking  from  the  Porch  1  foot,  and  narrowing 
the  Living-room  1  foot ;  this  would  dccreasc^the  cost  about  81. 


CHAMBER     PLA 


Note.— Some  of  the  advantages  of  this  arrangement  are  :— 
1st.  The  division  of  the  Sexes,  so  essential  to  decency  and  morality. 
2nd.  Each'of  the  smaller  rooms  contains  676,  and  the  Parents'  room  115)  eabic.feet,  whldi  is  • 

much  larger  allowance  than  usuaL 
3rd.  By  the  arrangement  of  the  Flues  great  economy  of  heat  Is  obtained ;  and  bgr  the  use  of  Pearoe's 
Cottage-grate  the,Qirls'  rooms  are  sufficiently  heated  and  ventlUted  hy^the  fire  In  the 
Wash-house. 

Scale  l-Sth  of  an  iaoh  to  a  Foot-^Estimated  Cost  lliO,  th«  pair. 
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Flam  — Uo.  3* 


BACK     ELEVATION. 


^ 


SECTION      A      TO     B. 

Scale  l-8tb  of  an  Inch  to  a  Fuot— Estimated  Ooet  1702. 
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Plans. —  No.  4. 


ELEVATION. 


PRIVIES. 


GROUND     PLA 


SECTION  OF  BELL-TRAP. 


SECTION  OF  SHUTTER, 
Forming  Table  when  required. 
Scale  of  l>4th  of  an  Inch  to  a  Foot 


(    513    ; 

XVIII. — On  the  Natural  History  of  British  Meadow  and  Pasture 
Grasses,     By  James  Buckman,  F.G.S.,  F.L.S.,  Professor  of 

;  Geology  and  Botany  in  the  Royal  Agricultural  College, 
Cirencester. 

The  following  description  of  meadow  grasses  is  meant  to  apply 
for  the  most  part  to  such  species  as  are  of  importance  to  the 
farmer,  from  making  up  a  part  of  the  ordinary  pasture  in  different 
soils  and  situations ;  at  the  same  time  remarks  will  not  be  want- 
ing on  those  species  which  either  from  their  bad  qualities  as  pas- 
ture grasses  may  be  considered  as  pastoral  weeds,  or  from 
occurring  to  a  considerable  extent  under  tillage  may  be  deno- 
minated agrarian  weeds. 

As  regards  the  relative  value  of  the  pasture  grasses,  there  must 
always  be  some  difference  of  opinion,  arising  from  difference  of 
soil,  climate,  and  other  external  causes,  which  certainly  exercise 
great  influence,  and  cause  a  wide  diversity  of  result.  I  can  there- 
fore only  say,  on  behalf  of  my  own  observations,  that  they  are  the 
result  of  many  years'  study  of  this  useful  tribe  of  plants,  which  I 
have  pursued  not  only  as  a  botanist,  but  as  one  thoroughly  alive 
to  their  agricultural  bearing  and  importance.  Not  only  have  I 
carried  on  this  study  in  the  field,  but  I  have  also  kept  most  of 
the  species  in  cultivation  for  many  years,  and  have  made  them  the 
subjects  of  practical  experiments  in  reference  to  their  growth, 
yield,  and  some  of  the  chemical  details  connected  with  them. 

It  should  be  remarked  that  this  paper  has  not  been  burdened 
with  descriptions  of  all  the  grasses,  as  many  of  them,  though 
curious  in  a  botanical  point  of  view,  are  yet  without  agricultural 
interest,  and  their  consideration  would  have  too  greatly  increased 
the  length  of  this  paper. 

References. — A  refers  to  an  annucd  grass,  or  such  as  dies  when  it  has  pro- 
duced its  first  crop  of  flowers. 
B,  hiennial,  such  as  flower  two  years,  and  then  die. 
P,  perennial,  such  as  flower  for  several  years, 

A. — Stamens,  2.    Styles,  2. 

ANTiioXiVNTHUM— pawzcZig  spicate,  glumes  unequal,  glumel 
double,  outer  one  with  short  awns. — P. 

A,  odoratum — sweet  vernal  grass — is  the  only  agricultural  spe- 
cies in  this  division ;  it  is  a  very  early  grass,  being  one  of  the 
first  to  flower,  and  is  well  known  for  its  peculiar  fragrant  odour, 
which  is  more  apparent  in  the  dried  than  in  the  green  speci- 
mens :  it  is  the  presence  of  this  grass  which  imparts  most  of  the 
grateful  smell  and  flavour  to  meadow-bay,  and  which  in  all  pro- 
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bability  renders  it  not  only  more  palatable  but  also  more  nutri- 
tious than  seeds  or  artificial  hay. 

Its  bulk  is  small,  so  that  it  adds  but  little  weight  to  the  rick, 
^d  its  short  leaves  are  incapable  of  affording  much  qftermaih ; 
still  its  fragrance  entitles  it  to  a  place  in  all  mixture^  of  grasses 
in  laying  down  permanent  pasture. 

B.-^Stamens,  3.    Style,  1. 

Nardus — fflume  absent,  glumel  of  two  valves,  spihe  uni- 
lateral.—P. 

N.  stricta — heath-grass — occurs  on  damp  heaths  or  marshy 
places,  and  is  readily  distinguished  by  its  slender  unilateral  spike 
with  flowers  all  pointing  one  way.  Of  no  agricultural  valuei 
except  as  indicating  the  nature  of  its  soil. 

C— Stamens,  3.    Styles,  2. 

t  Flowers  spiked, 
Alopecurus — glumes    nearly   equal,   united    at   the   base; 
glumel  of  a  single  valve,  awned  from  below ;  spike  com- 
pact. 

1.  A,  pratensis — meadow  foxtail — spike  cylindrical,  blunt  at 
the  apex,  about  2  inches  in  length. — P. 

2.  A.  agrestis — taper  foxtail — spike  cylindrical,  pointed  at  the 
apex,  from  2  to  3  inches  long. — A. 

3.  A,  geniculatus — floating  foxtail — spike  cylindrical,  blunt  at 
the  apex,  about  half  the  size  of  A.  pratensis. — P. 

The  Alopecurus  pratensis  is  a  common  native  grass,  especially 
in  moist  meadows  and  in  deep  rich  pastures,  for  which  situati<HM 
it  is  admirably  adapted,  as  it  yields  a  large  proportion  of  hay 
and  a  quick  growth  of  aftermath  ;  it  should  always  form  part  of 
the  grass  for  irrigated  meadows,  as  it  is  very  early  and  bean 
cropping  well,  sending  up  culms  and  a  plentiful  supply  of 
herbage  for  the  second  or  hay  crop,  after  the  first  depasturing  by 
sheep. 

As  a  grass  for  self-cultivation,  it  may  be  stated  that  it  grows 
fast  even  on  a  medium  soil  and  in  exposed  situations,  and  its 
upright  habit  would  point  it  out  as  no  bad  species  to  mix  with 
rye-grass  in  "  seeds,"  whilst  in  laying  down  land  for  permanent 
pasture  it  should  always  take  a  place  with  other  grasses. 

The  Alopecurus  agrestis  is  sometimes  called  the  black-^benty  at 
others  hunger-weed,  terms  expressive  of  the  low  estimation  in 
which  it  is  held,  and  the  poor  agrarian  land  in  which  it  delights 
to  grow.  Sinclair  says,  ^^  the  appearance  of  the  black-bent  among 
wheat  is  a  certain  sign  that  the  crop  will  be  worthless."     It  is 
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seldom  found  in  the  open  meadow,  but  is  mostly  an  accompani- 
ment of  strong  heavy  land  which  has  been  badly  tilled  and  is 
much  out  of  condition ;  its  presence  therefore  denotes  a  want  of 
drainage  and  liberal  manuring,  which  treatment,  as  we  have  fre- 
quently witnessed,  will  eradicate  it  even  in  a  single  season. 

A.  jjeniculatus  is  here  noted  as  a  denizen  of  wet  places,  where, 
if  cattle  can  get  at  it,  they  invariably  keep  it  well  cropped  down. 
In  some  situations  it  appears  in  a  stunted  condition,  apparently 
on  dry  soil,  but  this  is  only  after  drought,  as,  if  it  be  not  sur- 
rounded by  water  for  a  great  part  of  the  year,  it  soon  dies  out ; 
under  such  circumstances,  therefore,  it  is  an  indicator  of  some 
value. 

PiiLEUM — spike  compact,  glumes  distinct,  glumel  of  two  equal 
awnless  valves. 

P,  pratense — timothy  or  catstail  grass-— glumes  equal,  much 
truncated,  with  long  produced  points,  each  valve  ciliated  with  a 
row  of  stiff  hairs  on  the  back. — P. 

This  grass,  under  the  name  of  catstail,.  is  a  common  native, 
found  everywhere  in  tolerably  good  pastures.  It  has  been  intro- 
duced among  most  others  of  our  British  pasture  grasses  to  the 
American  continent,  where  it  appears  to  have  attracted  the  atten- 
tion of  one  Mr.  Timothy  Hanson,  who  probably  first  brought  it 
out  as  a  self-grass,  in  which  cultivated  form  it  has  become  asso- 
ciated with  his  Christian  name  ;  and  hence  the  idea  that  some  en- 
tertain that  we  got  the  species  from  America  is  erroneous,  as  it 
is  not  indigenous  to  that  country,  though  it  is  quite  true  that  we 
import  from  the  States  and  Canada  most  of  our  seed  under  its 
name  of  timothy-grass. 

As  a  meadow-grass,  it  is  to  be  recommended  for  the  mass  of 
its  nutritive  culms,  which  are  anything  but  coarse  with  us,  and 
especially  in  our  hay  season,  as  it  is  a  late  species;  it  however 
yields  comparatively  little  aftermath. 

As  a  self-grass,  its  cultivation  has  never  been  carried  out  to 
any  extent  in  Britain.  In  the  United  States,  however,  and 
Canada,  hundreds  of  acres  may  be  seen  occupied  with  the  culti- 
vated form — timothy-grass;  and  on  the  alluvial  flats  of  the 
Ohio,  and  the  broad  alluvial  lands  left  by  the  contraction  of  the 
American  lakes,  this  grass  yields  enormous  crops,  with  spikes  of 
flowers  sometimes  as  much  as  six  inches  in  length. 

It  is  a  grass  easy  of  cultivation,  and  particularly  well  adapted 
for  growth  on  river  flats  or  estuarine  warp-land,  on  which  it 
will  yield  much  larger  crops  than  any  other  grass,  and,  though 
somewhat  harsh  and  coarse  in  such  places,  will  yet  be  found  to 
contain  highly  nutritive  qualities,  and  is  peculiarly  adapted  for 
admixture  in  chaff. 
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There  are  several  other  species,  but  they  have  no  particular 
agricultural  value. 

Ammophila — q>ihe  compact,  glumes  of  nearly  equal  pointed 
valves,  with  a  tuft  of  hairs  at  the  base,  including  the 
glumel. — P. 

A,  arundinacea — sea-reed,  mat-grass — ^remarkable  for  its  creep- 
ing rhizome,  which  we  have  obtained  of  as  much  as  30  feet  in 
length.  It  is  a  common  denizen  of  the  sea-side,  and,  from  its 
peculiar  growth,  it  operates  very  beneficially  in  keeping  together 
the  sands  of  the  coast,  on  which  account  it  is  carefully  looked 
after  and  preserved  by  Act  of  Parliament.  It  may  be  worth  a 
trial  in  some  of  the  deep  railway  cuttings,  especially  where  these 
occur  in  sandy  clay,  which  renders  them  peculiarly  liable  to  give 
way  either  from  the  rain  of  the  wet  season  or  the  cracking 
which  succeeds  from  the  drought  of  summer.  It  is  readily  cul- 
tivated by  joints  or  cuttings  of  tbe  rhizome. 

It  is  of  no  agricultural  value,  as  its  coarse,  rigid,  sapless  herbage 
is  untouched  by  cattle. 

Phalaris — glumes  of  erect  equal  keeled  valves,  including 
the  glumely  which  adheres  to  and  becomes  part  of  the 
seed. 

P.  canariensis — canary-grass — flowers  in  an  oval  spike  —  an 
annual  grass,  occurring  in  waste  places  and  about  the  homestead, 
and  probably  introduced  from  its  use  as  a  food  for  canaries  and 
other  small  birds,  on  which  account  it  is  cultivated  in  the  neigh- 
bourhood of  London  and  some  of  our  larger  towns  for  its  seed. 
Its  cultivation  is  exceedingly  easy,  alight  soil  with  a  fine  "  tilth '^ 
being  almost  the  only  condition  required.  We  have  seen  good 
crops  on  both  elevated  and  low  lands,  as  it  is  a  grass  which  en- 
dures great  variations  of  climate. 

P,  arundinacea — reed  canary-grass  —  flowers  more  or  less 
densely  paniculate.  A  perennial  species,  usually  growing  in 
water,  in  which  it  extends  rapidly  by  its  thick  rhizome.  Its 
occurrence  in  hedge-rows  and  meadows  is  a  sign  of  great  damp,, 
which  would  be  improved  by  drainage,  when  the  species  soon 
dies  out.  It  is  of  no  agricultural  use ;  its  rhizome,  however, 
occasionally  renders  it  of  value  in  keeping  up  river-banks  ;  but 
it  is  oftener  injurious,  as  spreading  into  watercourses,  and  thus 
vitiating  a  system  of  drainage  by  arresting  the  equable  flow  ini 
the  main  or  trunk  channels. 

ft  Flowers  paniculate^  more  or  less  lax, 

Agrostis — glumes  of  two  unequal  valves  longer  than  the 
glumely  the  inner  valve  of  which  is  sometimes  absent,  the 
outer  either  awned  or  awnless. 
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Agricultural  forms. — Fine  bent : —    * 

1.  A.  vulgaris — head  of  flowers  spreading,  exceedingly  light 
and  elegant ;  stolons  more  or  less  creeping,  whole  plant  smooth. 
Hab.,  upland  meadows  and  pastures. — P. 

2.  A.  vulgaris^  var.  alba — ^marsh-bent — head  of  flowers  larger 
and  more  compact ;  culms  rooting  at  the  lower  nodes,  and  send- 
ing out  stolons  ;  whole  plant  more  or  less  rough,  and  stouter  than 
the  preceding.     Hab.,  ditches  and  wet  places. — P. 

3.  A,  vulgaris,  var.  stolonifera — agrarian  bent — ^head  of  flowers 
much  con^jested;  stolons  above,  rhizomes  creeping  below,  the 
giound.  Hab.,  stony  places;  mostly  an  accompaniment  of 
agraricLn  conditions. — P. 

These  three  forms  are  proved  to  belong  to  the  same  species, 
as  from  cultivation  we  have  obtained  the  following  results  : — 

A  plot  of  A.  vdlgaris,  sown  in  1855,  presents  the  usual  deli- 
cate form  of  this  grass,  with  a  tolerable  admixture  of  both  stoloni- 
fera and  alba, 

A  plot  of  A.  stolonifera.  The  general  plant  is  A.  vulgaris, 
having  a  few  stolonifera  intermixed,  which  latter  present  more  of 
the  true  alba  form  than  the  congested  flowers  and  stolon  growth 
of  its  proper  type.  These  experiments,  though  they  tend  to 
confirm  their  specific  identity,  by  no  means  confound  the  different 
agricultural  value*of  the  three  forms  ;  and  indeed,  agriculturally, 
varieties  themselves  are  of  equal  value  with  true  species. 

These  varieties  mark  different  agricultural  conditions;  and 
though  neither  of  them  are  of  great  use  as  pasture-grasses  under 
ordinary  circumstances,  yet  the  peculiar  method  of  growth  of 
the  A.  stolonifera,  united  with  the  fact  of  the  great  increase  both 
in  quantity  and  quality  of  its  herbage  under  irrigation,  point  it 
out  as  a  grass  well  adapted  to  form  part  of  the  produce  of  an 
irrigated  meadow.  As  an  agrarian,  however,  it  is  usually  known 
by  the  name  of  squitch ;  and  its  small,  wiry  rhizome  renders  it 
exceedingly  difficult  to  eradicate,  especially  from  brashy  land^ 
which  is  its  favourite  habitat,  and  in  which  it  spreads  so  fast, 
that  a  summer  fallow  becomes  so  literally  choked  up  with  it  as. 
almost  to  exclude  every  other  form  of  weed,  if  we  except  Triti- 
cum  repens — common  couch — which  is  its  usual  congener. 

*♦  Spikelets  with  mostly  two  ^perfect  florets, 

]\IoLiNiA — panicle  contracted,  not  spicate ;  glumes  acute. 

M.  cocrulea — purple  melic-grass.  A  species  remarkable  for 
its  solid  stem  and  few  nodes  ;  it  has  long  wiry  roots,  by  which  it 
mats  together  the  humus  soils  of  peats  and  moors  ;  it  is  of  no 
value  in  pasture,  but  is  always  an  index  of  want  of  draining^ 
and  general  amelioration,  under  which  it  immediately  disappears. 
—P. 
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Catabrosa — panicle  spreading  ;  glume  of  two  obtuse  valyes, 
including  the  two  or  three  florets  ;  glumel  truncated, 
awnless. 

C.  aquatica — water-whorl-grass.  It  is  a  perennial  water-grass, 
and  its  only  British  species  will  be  found  in  ditches,  water- 
courses, and  ponds,  where  it  frequently  grows  very  luxuriantly, 
and  is  remarkable  for  a  peculiarly  sweet  licorice  iSavour,  on 
which  account  cattle  crop  it  down  very  closely  whenever  they 
can  reach  it ;  it  is,  however,  so  purely  aquatic — refusing  to  grow 
away  from  water — that  nothing  can  be  done  in  its  cultivatiocu 
A  dwarf  variety  will  frequently  be  found  on  mud-banks  ;  but 
here  it  is  an  evidence  of  their  wetness. — P. 

AiRA. — glume  of  two  unequal  valves,  including  two  perfect 
florets,  which  are  usually  awned  from  near  their  base. 

A,  ccBspitosa — turfy  hair-grass — hassock  or  tussac  grass, — Of 
this  genus  there  are  severaJ  species,  but  only  this  one  will  need 
description  here :  it  is  distinguished  by  its  tall  stem,  panicle- 
spreading  ;  flowers  numerous  on  slender  pedicels,  having  their 
outer  glumel  awned ;  leaves  long  and  pointed,  with  serrated 
margins  and  roughened  ribs,  which  makes  this  grass  very  rigid 
and  objectionable  to  cattle,  on  which  account,  ^nd  from  its  pos- 
sessing but  little  nutritive  matter,  they  commonly  object  to  eat  it 
unless  when  quite  young.  It  is'  found  constant  to  two  positions — 
moist  damp  woods,  under  the  trees,  where  it  forms  an  excellent 
covert  for  game.  Its  more  objectionable  habitat  is  in  undrained 
meadows,  or  where  there  is  a  chance  of  water  stagnating ;  and 
hence  it  is  interesting  as  marking  want  of  drainage,  the  stoppage 
of  a  drain,  of  a  grip  not  well  opened,  or  a  want  of  free  exit  for 
the  water  in  any  part  of  a  water-meadow.  If  any  of  these  con- 
ditions continue  for  a  length  of  time — sometimes  incredibly 
short — this  grass  soon  assumes  its  large  cushion-like  growth, 
from  which  it  has  attained  the  country  names  of  hassock  or  tussac 
grass,  bullpates,  &c.  It  establishes  itself  in  separate  masses, 
like  the  larger  jungle  grasses  of  the  tropics,  which  soon  ovei^ 
power  all  other  species.  Where  present  a  meadow  can  never  be 
perfect ;  if  in  irrigation,  the  wet  "  swag  "  must  be  relieved  by  an 
additional  grip  or  channel  into  the  exit-drain.  In  the  meadows, 
with  proper  draining,  its  disappearance  is  equally  rapid  with  its 
former  growth. 

HoLCUS — panicle  lax,  florets  soft  with  downy  hairs ;  glumes 
of  two    nearly  equal  two-flowered  valves;   upper   floret 
awned,  lower  one  awnless. 
H.  lanatus — meadow  soft  grass  ;  awn  short  and  curved  back- 
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wards,  so  that  it  is  seldom  exserted  beyond  the  glumes ;  its  upper 
end  only  is  rough ;  plant  not  creeping. — P. 

H,  mollis — creeping  soft  grass ;  awn  nearly  straight,  always 
exserted,  rough  along  its  whole  length ;  plant  creeping  on  the 
surface  of  the  ground. — P. 

The  first  of  these  is  usually  found  growing  in  damp  meadows 
near  rivers,  being  a  general  grass  under  flooding,  but  not  so 
under  proper  systematic  irrigation.  It  is  quite  useless,  possess- 
ing neither  flavour  nor  nutritive  qualities,  and  much  deteriorates 
meadows  in  which  it  abounds.  The  best  method  for  its  eradica- 
tion will  be  found  in  the  adoption  of  such  farming  as  will  suit 
better  species ;  the  law  of  extermination  of  the  weaker  by  the 
stronger  being  nowhere  so  apparent  as  in  the  grass  meadow ;  for 
if  the  circumstances  prevail  which  suit  those  of  a  good  kind,  any 
bad  ones  either  die  out  or  linger  on  in  a  wretched  and  abject 
state  ;  but  a  return  to  poverty,  or  a  starved  condition  of  the  soil, 
soon  causes  the  bad  ones  to  obtain  the  ascendancy,  and  drive  out 
those  of  a  better  quality. 

The  H.  mollis  is  almost  confined  to  sandy  soils,  such  land  as 
is  formed  from  the  disintegration  of  the  conglomerates  of  the  old 
red,  and  the  more  arid  tracks  on  the  new  red  sandstones,  and  the 
grits  accompanying  coal-measures  are  peculiarly  liable  to  it.  It 
spreads  in  most  dissightly  tufts  in  the  meadows  on  such  soils,  and, 
from  being  of  no  value  itself,  it  is  a  great  pest  in  the  meadows.  It  is 
best  kept  under  by  well  harrowing  it  from  the  rest,  and  following 
this  process  with  marling  and  manuring,  which  may  be  done  with 
any  substance  tending  to  fertility,  as  it  is  a  grass  unknown  in  rich 
pastures.  Johnston,  in  his  'Natural  History  of  the  Eastern 
Borders/  remarks  that,  "  when  a  field  of  light  shallow  soil,  after 
being  cultivated  for  a  few  seasons,  is  again  laid  down  for  grass,  an 
abundant  and  unlooked-for  crop  of  this  grass  will  often  appear. 
It  is  one  of  those  cases  in  which  we  are  left  to  wonder  how  the 
seed  came  there." — (p.  212.)  But  we  need  not  wonder  how  this 
or  its  congener  spreads  and  gets  into  cultivation,  seeing  that  each 
in  its  own  locality  is  ever  found  about  the  homestead,  and  one 
plant  seeding  is  enough  to  stock  d  wide  space  of  ground.  The 
sweepings  of  waste  places,  when  they  are  thus  cared  for,  find 
their  way  to  the  muck-heap ;  and  from  this,  agrarian  grasses  and 
other  weeds  are  continually  being  very  industriously  and  equally 
spread  over  the  land. 

Akrhenatherum — panicle  lax,  glumes  of  two  valves,  and 
two  florets,  the  lowest  of  which  has  a  long  twisted  awn, 
the  upper  one  a  short  bristle  on  the  outer  glumel,  lower 
floret  with  stamens  only,  upper  one  perfect,  i,e,  with 
stamens  and  pistils. 
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A,  avenaceum — oat-like  grass — a  tall  species,  growing  much 
after  the  manner  of  the  oat,  to  which  its  trivial  name  of  oat-like 
has  reference ;  both  its  culms  and  aftermath  are  usually  produced 
in  abundance  ;  but  it  possesses  an  exceedingly  bitter  taste  ;  and 
though  Sinclair  says  "  it  is  eaten  by  all  sorts  of  cattle,"  yet  we 
have  uniformly  noticed  that  cows  and  sheep  refuse  it  unless 
starved  to  it  by  want  of  something  better.  ^^  It  contains  too  large 
a  proportion  of  bitter  extractive  and  saline  matter  to  warrant  its 
cultivation  without  a  considerable  admixture  of  different  grasses ; 
and  the  same  objection  extends  to  its  cultivation  in  permanent 
pasture,"  according  to  the  author  just  quoted ;  but  as  he  finds  it 
^^  always  present  in  the  composition  of  the  best  natural  meadows," 
so  he  concludes  that  it  should  have  a  place  in  the  list  of  species 
for  the  laying  down  of  permanent  pastures.  However,  from  a 
long  observation  of  this  grass,  both  in  separate  plots  and  in  the 
meadow,  we  are  inclined  to  think  that  it  would  be  better  to  dis- 
courage its  growth ;  it  may  indeed  be  seen  in  the  good  meadow, 
but  it  is  best  grown  in  the  worst  parts  thereof,  and,  from  the 
peculiarity  of  its  constitution,  it  is  capable  of  adapting  itself  to  a 
wide  range  of  circumstances,  and  hence  the  universality  of  its 
occurrence.  We  have  two  distinct  forms,  and,  under  constant 
conditions,  permanent  varieties,  namely,  the  typical  A.  avenaceum 
in  deep  and  moist  soils,  and  the  curious  variety  bulbosum  in 
sandy  lands.  The  former  of  these  has  a  swelling  at  its  lower 
node  ;  but  as  in  its  locality  there  is  always  sufficient  and  regu- 
larly supplied  sustenance  and  moisture,  there  is  no  need  for  the 
nodular  growth  assumed  by  the  var.  bulbosum  when  growing  in 
sands,  and  provided  as  a  storehouse  of  food  for  its  living  on  in 
those  periods  of  drought  with  which  arid  sands  are  mostly 
affected  at  some  season  or  other. 

These  bulbs,  which  are  the  ordinary  nodes  of  the  grass  much 
enlarged,  look  like  a  string  of  onions  on  a  small  scale,  which  has 
given  rise  to  its  popular  name  of  onion  couch  ;  and  upon  the  sand- 
beds  upon  which  rest  a  great  part  of  the  towns  of  Gloucester  and 
Cheltenham,  and  on  the  broken-down  sandstone  of  the  new  red 
about  Worcester,  or  the  silicious  drifts  and  soils  of  other  dis- 
tricts, it  sometimes  forms  a  most  troublesome  weed,  as  each  node 
is  capable  of  growing  a  distinct  plant,  and  so  succulent  are  these 
that  heat  and  dryness  have  even  less  chance  of  killing  it  than  the 
common  couch  ;  the  only  way  to  get  rid  of  it  is  to  hand-pick  it 
after  repeated  ploughing  and  harrowing. 

It  may  be  supposed  that  the  var.  bulbosum  would  be  a  useful 
grass  on  sands  ;  but  as  its  propensity  is  to  increase  by  roots,  and 
it  sends  up  no  second  growth  of  culm,  as  does  the  A.  avenaceum^ 
its  yield  of  herbage  is  not  half  that  of  the  true  species  ;  its  bul- 
bous growth,  however,  is  large  and  rapid,  and  its  knotted  onion- 
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like  traces  are  much  in  the  way  of  any  crop  with  which  it  may 
be  intermixed. 

The  very  bitter  taste  of  the  nodular  masses  would  almost  point 
it  out  as  of  medicinal  use,  but  we  have  never  heard  9f  its  so 
employment. 

Cyxosurus — -panicle  spicate,  flowers  hidden  in  a  comb-like 
shield, — involucre  of  botanists, — glumes  equal  awned, 
glumel  iiit.  with  or  without  an  awn. 

Cijnosiirus  cristatus — ^head  of  flowers  forming  a  narrow  spike, 
florets  with  a  short  awn. — P. 

Cfjnosurus  echinatus — head  of  flowers  broadly  ovate,  florets 
with  a  rather  long  awn. — A. 

The  comb-like  shield  by  which  the  locustCB  of  flowers  are  sepa- 
rated from  each  other  in* this  genus  is  sufficient  to  distinguish  it 
from  all  others. 

Of  our  two  British  species  only  the  first  needs  attention  here, 
which  we  shall  accord  it,  not  so  much  because  of  the  chanicter  of 
"  a  valuable  grass "  which  Hooker  gives  it,  perhaps  following 
Sinclair,  but  in  order  to  give  our  own  independent  observations 
upon  a  grass  which  is  so  abundant,  and  which,  as  we  think,  has 
been  overmuch  cultivated. 

Probably  much  of  the  error  which  we  conceive  attaches  to  this 
species  has  arisen  from  the  company  in  which  it  is  usually  found 
in  its  favourite  upland  localities,  and  hence  such  grasses  as  Fes- 
tuca  ovmay  sheep's  fescue,  F,  duriuscula^  hard  fescue,  Lolium 
peremie^  perennial  rye-grass,  and  Poa  pratensis^  common  meadow- 
tjrass,  which  in  such  places  yield  an  unusually  sweet  herbage, 
have  been  robbed  of  much  of  that  character  which  has  been  erro- 
neously attributed  to  Cynosarus, 

Sinclair  says,  "  In  some  parts  of  Wobum  Park  this  grass  con- 
stitutes the  principal  part  of  the  herbage  on  which  the  deer  and 
Southdown  sheep  chiefly  browse,  while  another  part  of  the  park, 
which  consists  chiefly  of  the  Agrostis  vulgaris  fascicularisy  Agros- 
tis  vulgaris  tennifolia,  Festuca  ovina,  Festuca  duriuscula,  &c.,  is 
seldom  touched  by  them ;  but  the  Welsh  breed  of  sheep  almost 
constantly  browse  on  these,  and  almost  entirely  neglect  the  Cy- 
nosurus  cristatus,  Lolium  perenne,  and  Poa  trivialis.'* 

Now,  in  opposition  to  this,  we  beg  to  oflFer  our  observations, 
of  some  eight  years,  upon  this  grass,  as  it  occurs  in  the  park  of 
Earl  Bathurst  at  Cirencester,  i 

This  park,  which  is  very  extensive,  rests  on  the  stonebrash  of 
the  great  oolite,  with  some  of  the  higher  ridges  just  capped  with 
forest  marble  clay ;  all  parts  of  this,  and  especially  the  portion 
called  the  Deer  Park,  is  full  of  the  Cynosurus  cristatus,  which 
grows  equally  well  on  the  brash  and  the  clay,  and  the  thickness 
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of  the  gfrass  may  be  estimated  from  the  fact  that  scarcely  six 
inches  of  space  occurs  without  its  occupants  of  one  or  more  of 
the  dry  sapless  culms  of  the  C.  cristatus.  Now  this  park  is  con- 
stantly stocked  with  deer,  Southdown  sheep,  horses,  and  oxen,  by 
which  tiie  general  turf  is  kept  well  cropped  down,  and  yet  no 
dead  culms  of  any  other  grass  will,  as  a  rule,  be  found  to  prevail. 
Let  it  therefore  be  borne  in  mind  that  this  is  different  from  a 
meadow  where  the  culms  may  become  hard  and  woody  before 
cattle  are  turned  into  it :  they  are  always  here,  and  keep  every 
other  grass  from  flowering  but  the  one  in  question  ;  it  is  there- 
fore quite  evident  that  here  at  least  the  C,  cristatus  is  not  a 
favourite  with  deer  or  Southdowns. 

Perhaps,  however,  it  was  Sinclair's  very  observation  of  the 
quantity  of  culms  in  Wobum  Park  that  led  him  to  conclude  that  it 
formed  so  great  a  mass  of  the  herbage  ;  but  if  we  bear  in  mind 
how  very  small  and  wiry  these  culms  usually  are,  and  how  short 
in  the  leaf  are  the  tufts  of  grass  by  which  they  are  accompanied, 
we  shall  have  reason  to  conclude  that  after  all  C.  cristatus  may 
there  form  but  a  small  proportion  of  the  herbage  :  at  all  events, 
we  may  safely  determine  that,  if  the  grass  in  its  young  state  was 
so  favourite  a  pasture,  it  would,  like  others,  be  kept  from  grow- 
ing culms  by  constant  depasturing,  but  the  grass  in  question 
seems  all  the  more  because  even  the  young  shoots  are  never 
cropped.  From  these  observations  we  feel  bound  to  conclude 
that  the  C  cristatus  is  both  a  poor  hay  and  pasture  grass, 
and  neither  in  quantity  nor  quality  of  either  worthy  a  place  in 
a  good  meadow ;  and  though  it  is  true  that  it  improves  vastly 
under  liberal  treatment,  yet  the  culms  are  left  even  in  the  low- 
lands on  depasturing,  and  it  fortunately  happens  that  improve- 
ment of  a  pasture  will  cause  the  dying  out  of  the  greater  por* 
tion  of  the  grass  in  question,  as  it  is  essentially  one  of  the  poor 
pasture  which  cannot  maintain  its  ground  on  the  advance  of  other 
and  more  important  species.  The  culms  are  gathered  in  quantity 
for  straw-plaits,  for  which  they  are  well  adapted  both  from  their 
fineness  and  strength  of  fibre. 

***  SpikcUts  (locustce)  with  three  or  more  perfect  JlowerB. 
t  Spikdets  forming  Materal  spikes, 

HORDEUM-^oref*  in  threes,  of  which  the  central  one  is 
fertile,  the  lateral  ones  usually  imperfect ;  glumel  incor- 
porated with  the  seed. 

1.  H,  sylvaticum — wood  lyme-grass — wood  barley;  spike 
smooth,  upright ;  spikelets  three-flowered  ;  florets  with  a  long 
awn  ;  leaves  flat  and  drooping. — P. 

2.  H.  murinum — wall  barley  ;  spike  about  two  inches  long ; 
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spikelets  three-flowered  ;  central  perfect ;  lateral  ones  imperfect ; 
all  with  long  awns. — A. 

3.  H.  pratense — meadow  barley ;  spike  smaller  than  in  the 
preceding ;  lateral  florets  with  short  awns ;  central  one  with  an 
awn  twice  the  length. — P. 

The  first  of  these,  H,  sylvaticum^  is  usually  named  Elymus 
EuropccuSy  but  its  position  is  perhaps  more  natural  with  the 
barley,  though  it  would  appear  to  have  a  greater  affinity  with  the 
cereal  than  the  meadow  types  of  the  genus.  It  is  essentially  a 
wood  grass,  with  broad  flat  drooping  leaves,  but  as  yet  we  know 
nothing  of  its  character  in  cultivation,  but,  having  this  year  col- 
lected a  lot  of  seed  for  our  garden,  we  shall  hope  soon  to  be  able 
to  add  some  facts  to  its  natural  history. 

As  regards  the  H.  murinum^  this  is  confined  to  sandy  soils,  in 
Avhich  it  is  a  sad  weed,  especially  in  corn-fields,  banks,  and 
hedge-rows — the  tertiary  sands  of  Suffolk,  the  marine  sands  in 
the  old  Severn  strait,  decomposed  sandstones,  and  indeed  a  per- 
fectly sandy  soil  anywhere  is  peculiarly  liable  to  it:  it  is  not 
strictly  a  grass  of  the  meadow,  choosing  the  margins  of  fields, 
edges  of  pathways,  mounds,  and  hedge-banks.  Its  plentiful 
green  herbage  grows  very  early,  and  is  not  deficient  in  nutritive 
properties,  so  that  it  may  be  grown  for  soiling,  but  care  should 
be  taken  not  to  let  it  advance  to  flowering,  as  the  long  rough 
serrated  awns  are  most  obnoxious  to  cattle,  sticking  about  the 
mouth  and  causing  great  irritation ;  from  this  cause  hay  is  much 
deteriorated  by  its  presence,  so  that  corners  of  fields  in  which  it 
may  occur  should  not  be  mown  with  the  crop,  but  be  cut  earlier 
so  as  to  prevent  its  seeding. 

//.  pratense — much  smaller  than  the  former  and  decidedly 
pastoral  in  its  habits,  growing  in  good  grass-fields  and  espe- 
cially such  as  are  liable  to  inundations,  and  also  occupying  a 
place  in  irrigated  meadows — its  herbage  is  of  good  quality,  and 
all  kinds  of  cattle  graze  and  do  well  where  it  is  abundant ;  but 
though  its  awns  are  not  so  long  or  so  stiff  as  those  of  the  H. 
muriuum,  they  are  still  highly  objectionable  in  the  hay  crop. 

The  presence  of  this  grass  is  a  good  indication  of  condition,  as 
it  always  occurs  to  a  greater  or  less  extent  in  good  meadows,  but 
uniformly  refuses  to  grow  even  in  small  quantity  either  on  poor 
heath  or  sour  undrained  clays. 

Trh  ICUM — locnstcB  flat,  alternate  on  the  sides  of  the  central 
axis  (rachis) ;  glumes  transverse ;  external  glumel  either 
pointed  or  awned. 
The  only  species  that  need  be  here  described  are  the  following, 
which  are  distinguished  from  the  rest  of  the  genus  by  their  creep- 
ing roots :— 
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Triticum  repens — creeping  wheat  or  couch  grass ;  glumes 
ribbed  ;  locustcB  of  from  four  to  eight  florets ;  the  glumels  mosdy 
awned,  leaves  broad  and  flat ;  rhizome  much  creeping. — P. 

r.  junceum. — Rushy  sea  wheat-grass ;  glumes  obtuse,  with 
many  ribs;  locustce  of  from  four  to  five  florets,  without  awns; 
leaves  involute  (folded)  ;  rhizome  creeping. — P. 

The  first  of  these  constitutes  the  detested  couch  of  the  farmer, 
and  is  a  grass  more  catholic  in  its  tastes  and  habits  than  almost 
any  other ;  so  much  so  indeed,  that  hedge-rows,  road-sides,  the 
pasture-field,  and  waste  places,  no  less  thaji  arable  lands,  all  upon 
every  kind  of  soil,  will  be  occupied  by  it  to  greater  or  less  extent ; 
and  as  lands  in  which  it  is  allowed  to  increase  are  considered  par 
excellence  as  "  foul,"  the  removal  of  couch  is  a  matter  in  which  all 
farmers  are  occupied  and  interested.  Considering,  therefore,  the 
perpetual  warfare  that  is  waging  against  this  grass,  it  is  surprising 
how  much  of  it  still  remains,  even  in  some  well-cultivated  districts. 
Much  of  this  may  be  accounted  for  in  the  unploughed- spaces 
under  hedges  or  stone  walls,  in  which  it  seeds  and  thus 
forms  a  nursery  for  the  fields ;  and  besides,  the  rhizomes  are  cut 
off  by  the  plough  and  become  scattered  by  the  operation  of  the 
harrow,  and  thus  a  centre  is  formed  in  the  field,  from  which  it 
spreads  in  like  manner,  so  that  a  quantity  of  couch  has  always  to 
be  got  rid  of. 

]Much  of  the  evils  arising  from  this  grass  may  be  prevented  by 
the  timely  use  of  the  fork,  which  should  always  be  brought  into 
requisition  upon  every  couch  centre  that  may  be  detected,  and 
that  before  ploughing  for  any  and  every  crop,  as  this  instrument 
is  capable  of  following  the  plant  in  its  depth  as  well  as  breadth, 
while  the  plough  only  cuts  it  off  for  the  depth  limited  by  its  ope- 
rations. This,  method,  it  is  true,  adds  a  little  to  the  first  expense 
of  tillage,  but  it  saves  much  after  trouble,  and  is  far  cheaper  in 
the  end. 

The  same  circumstance  which  renders  the  plant  just  described 
so  great  a  pest  to  the  farmer,  namely,  its  creeping  habit  of  growth, 
should  impel  us  to  preserve  the  T.  junceum,  as  it  is  confined  to 
sandy  sea-shores,  which  its  long,  tough,  and  flexile  rhizome 
assists  in  so  matting  together  as  to  prevent  the  encroachment  qf 
the  sea-water  on  the  coast. 

BRACnYPODlUM — locustcB  cylindrical,  on  short  pedicles  alter- 
nate on  the  central  axis ;  glumes  unequal,  transverse. 

B.  pinnatum — heath  false  brome-grass — locustm  of  from  eight 
to  twelve  smooth  florets  ;  awns  half  the  length  of  the  florets ;  spike 
and  leaves  upright. — P. 

B*  sylvaticum — slender  false  brome-grass — locustce  of  from,  eight 
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to  ten  florets ;  florets  hairy ;  aton  longer  than  florets ;  ^ike  droop- 
ing ;  leaves  bent  downwards. — P. 

The  habits  of  these  two  species  are  very  different — the  former 
preferring  poor  open  heaths  and  down  lands,  particularly  on  lime- 
stone soils ;  the  latter  growing  in  hedgerows  and  beneath  woods 
and  shaded  places.  Agriculturally  they  are  both  of  them  useless ; 
but  the  former  is  well  worthy  of  study  for  its  indication  of  soil 
and  its  condition. 

The  B.  pinnatum  will  be  found  partially  intermixed  with  the 
grass  of  most  poor  upland  pastures  on  limestone,  to  which  small 
isolated  specimens  it  is  confined  under  a  constant  system  of  de- 
pasturing; but  if  left  wild  or  only  occasionally  stocked,  it  is 
astonishing  how  quickly  the  least  bits  spread  into  rounded  patches, 
often  of  several  yards  in  diameter,  which,  if  cattle  be  turned  into 
in  the  summer,  they  leave  wholly  untouched,  and  so  it  seeds, 
besides  spreading  by  short  rhizomes  until  the  greater  part  of  a 
pasture  may  be  taken  possession  of  by  this  useless  and  distasteful 
grass. 

The  best  way  to  get  it  under  is  to  fold  sheep  on  a  portion  at  a 
time,  especially  through  the  early  spring,  feeding  them  with  corn, 
hay,  and  a  few  turnips ;  in  which  case  the  dead  grass  is  trodden 
into  manure,  and  the  sheep  manuring  so  encourages  the  growth 
of  the  sprinkling  of  better  species,  which  before  were  thin  and 
isolated,  that  the  enemy  is  subdued  in  an  incredibly  short  space 
of  time ;  even  one  season  being  enough  to  destroy  the  greater 
portion,  and  reclaim  a  pasture  that  was  before  going  fast  to 
waste. 

The  B.  pinnatum  is  also  a  great  pest  in  hedgerows  and  on 
mounds,  especially  on  the  Cotteswolds,  where  it  is  a  constant 
denizen.  It  should  be  carefully  forked  from  the  former,  and  be- 
fore it  has  seeded,  especially  in  the  young  state  of  the  fence, 
as,  from  its  upright  and  close  method  of  growth,  much  injury 
results  to  the  quick  from  being  smothered,  besides  the  exhausting 
powers  which  it  possesses. 

The  B.  sylvaticum  is  usually  refused  by  all  kinds  of  animals,  but, 
from  the  readiness  with  which  it  grows  under  wood,  it  affords  a 
tolerable  covert  for  game. 

LoLiUM — -glume  of  one  valve  to  the  lateral  (nbt  transverse) 

locustcc,   two   to   the   terminal   one;    glumels  sometimes 

awned. 

Lollum  pcrenne — perennial   rye-grass — hciistce  of  from  six  to 

eight  florets,  awnless ;  leaves  mostly  upright,  of  a  dark-green 

hue  ;   of  this  there  are  several  varieties. — P. 

Lolium  Italicum — locustce  of  from  six  to  eight  awned  florets ; 
leaves  broad  drooping,  of  a  light  green  colour. — B. 
VOL.  XVIL  2  N 
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L.  temulentum^-locustce  equal  in  length  with  the  glumes.-^ A. 

The  L.  perenne  in  its  usual  form  is  found  almost  eyerywhere, 
but  more  especially  in  good  pastures :  brought  under  cultivatioii 
as  '^  seeds,'^  it  is  liable  to  a  great  number  of  variations,  especially 
in  size  and  in  a  disposition  to  a  greater  or  less  permanency  of 
growth,  and  hence  arise  the  many  names  which  its  varieties  are 
known  by  in  the  seed-market.  The  properties  of  the  true 
L.  perenne  are  such  as  to  render  it  very  valuable  to  the  fanner, 
as  it  soon  arrives  at  maturity,  yields  a  good  weight  to  the  rick, 
and  in  the  meadow  stands  depasturing  to  any  extent,  yielding  a 
perennial  supply  of  good  succulent  leaves,  which  are  readily 
eaten  by  stock  of  all  kinds.  In  arable  culture,  however,  its 
permanency  is  most  uncertain,  as  it  generally  begins  to  die  out, 
especially  after  the  first  hay  crop  ;  and  this  all  the  sooner  and 
the  more  certain  in  proportion  to  the  longer  time  the  grass  is 
left  before  being  cut. 

The  L.  Italicum^  which  is  perhaps  after  all  only  a  variety 
of  the  Z.  perenne^  has  been  much  recommended  as  a  self-grass, 
and  particularly  for  soiling :  the  reports  of  its  yield  tinder  water- 
ing with  sewage  manure  are  almost  fabulous  ;  however,  oa  lime- 
atone  soils,  and  on  light  lands  in  general,  it  is  now  sown  as  a 
separate  crop,  in  which  case  it  comes  in  for  pasture  in  the 
following  spring,  in  which  state  it  may  be  continued  for  one  or 
two  years  according  to  circumstances,  though  it  seems  to  be, 
strictly  speaking,  a  biennial  form. 

These  varieties  of  rye-grass  are  the  only  ones  usually  employed 
in  seeds  in  this  country,  and  they  are  either  sown  by  themselves 
or  in  company  with  different  trefoils,  such  as  Trifolium  pratense, 
T.  medium,  T.  repens,  Medicago  lupulina,  and  others.  The 
principal  reasons  for  its  preference,  as  stated  by  Sinclair,  are  the 
quantity  of  seed  which  it  produces,  the  readiness  with  which  this 
can  be  collected,  and  the  facility  with  which  it  vegetates  under 
circumstances  of  different  management. 

L.  temulentum — drunken  darnel — is  an  agrarian  weed,  now  of 
comparative  rarity,  and  fortunately  so,  if  the  following  character 
of  it  be  true :  Sinclair  says,  "  it  has  from  the  earliest  ages  borne 
the  name  of  drunken  darnel^  and  there  can  be  no  doubt  of  its 
deleterious  qualities,  whether  in  meat  or  drink."  Parnell  gives 
a  modified  opinion  hereupon :  he  remarks,  ^'  the  seeds,  it  is  said, 
when  eaten,  produce  vomiting,  purging,  violent  colic,  and  death." 
Linna?us'  opinion  was,  that  the  seeds,  when  mixed  with  bread, 
produced  but  little  effect  unless  when  eaten  hot ;  but  if  malted 
with  barley,  the  ale  soon  occasions  intoxication.  Sir  J.  E. 
Smith,  in  his  '  English  Flora,'  says,  "  the  seeds  are  of  very  evil 
report,  for  causing  intoxication  in  men,  beasts,  and  birds,  and 
bringing   on   fatal   convulsions."     Hallcr  mentions   them    '^  as 
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communicating  these  properties  to  beer."  Vol.  i,  p.  175. 
Hooker  and  all  botanists  follow  in  the  same  strain,  but  merely 
quoting  from  each  other,  as  none  of  thetn  seem  to  have  any  per- 
sonal knowledge  of  its  qualities.  Of  late  years  it  has  been  con- 
fined in  its  range,  and  so  limited  in  quantity,  that  we  have 
never  been  enabled  to  pnocure  sufficient  to  follow  out  an  inves- 
tigation into  this  interesting  matter;  at  present,  however,  we 
confess  to  the  belief  that  its  injurious  qualities  have  been  much 
overrated,  if  indeed  the  tales  about  it  are  not  altogether  fabulous. 
Foreign  seeds,  flax  more  especially,  are  almost  sure  to  yield  a 
little  of  the  plant  on  sowing. 

tt  Flov}€rs  paniculate^  Jhtvers  more  or  less  lax. 

PoA — panicle  lax ;  locustce  of  from  five  to  ten  florets ;  fflume 
of  unequal  valves,  the  inner  glulnel  notched  at  the  ex- 
tremity ;  part  of  the  genus  sometimes  referred  to  Glt/^ 

ceria, 

1.  Poa  annua — locustce  of  about  five  florets,  not  webbed.— A. 

2.  F,  trivialis — locustce  of  about  three   acute  webbed  florets ; 

leaves  with  a  rough  sheath,  ligule  pointed. — P. 

3.  P.  pratensis — locustce  of  about  four  acute  flowers,. with  a 

web  ;  culm  and  herbage  smooth  ;  ligule  short  and  blunt ; 
rhizome  creeping. — P. 

4.  P,  compressa — culms  flat,  oval  on  a  transverse  section,  rhi- 

zome creeping. — P. 

5.  P.  nemoralis — locustse  of  three  flowers,  slightly  webbed ; 

ligule  short ;  culms  slightly  compressed ;  rhizome  indi^- 
cated. — P. 

6.  P.  Jiuitans — locustae  of  from  seven  to  eight  florets  obtuse, 

leaves  broad  and  floating  on  the  water. — P. 
1.  This  grass  is  found  about  mud-banks,  road-sides,  ditches, 
and  dirty  places,  a  life  for  which  its  chemical  analysis  shows  it 
to  be  well  adapted,  as,  according  to  Mr.  Way,  it  contains  a  large 
quantity  of  water  and  less  ash,  both  in  the  dried  and  undried 
grass,  than  any  other  species  upon  which  he  operated ;  and  upon 
this  he  remarks,  that  '^  the  specimen  of  annual  meadow  grass, 
Poa  annua,  differs  from  all  the  others  with  which  it  is  associated, 
both  in  the  low  percentage  of  silica  and  the  corresponding  de- 
crease in  the  proportion  of  potash,  which,  wheUier  calculated 
on  the  natural  or  dry  specimen,  is  peculiarly  low  ;**  and  to  this 
is  appended  the  following  note,  ^^  Annual  meadow  grftss  is  said 
(see  Lowe's  '  Agriculture ')  to  be  the  most  productive  of  all  the 
grasses  :  Is  this  in  any  degree  to  be  attributed  to  its  more  moderate 
mineral  requirements  ?"  In  an  agricultural  point  of  view,  this 
grass  may  be  considered  as  a  weed,  as  it  has  scarcely  any  feeding 

2n2 
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properties,  and  though  it  sometimes  presents  an  apparently  greea 
turf  over  alluvial  flats,  and  anywhere  with  a  muddy  subsoil, 
such  grass  affords,  as  the  farmers  say,  "  no  heart " — "  no  proof  "  in 
it.  On  some  land  of  Lord  de  Mauley's  celebrated  for  scouring 
cattle,  this  grass  was  a  prevailing  one.  It  is  a  great  pest  in 
garden-walks,  increasing  rapidly  where  allowed  to  seed.  Salt 
has  been  recommended  for  the  prevention  of  its  growth,  which 
it  does  for  a  time,  but  requires  a  constant  renewal  ojf  the  dressing 
to  quite  keep  it  under. 

2.  Poa  trivialis — rough-stalked  meadow  grass. — ^This  species 
is  mostly  confined  to  low  and  damp  situations,  often  forming  & 
great  part  of  the  bulk  of  hay  in  river-side  meadows,  but  growing 
in  the  greatest  abundance  in  irrigated  pastures,  especially  in  such 
parts  as  though  not  stagnant  are  always  moist.  Under  the  most 
perfect  inigation-system,  it  is  by  no  means  abundant.  As  an 
upland  grass  it  is  never  met  with  in  nature,  and  if  employed  in  a 
mixture  for  such  situations  it  usually  disappears  in  a  few  years. 
In  its  favourite  habitat  it  yields  a  large  bulk  of  hay,  but  is  usually 
very  late  in  its  growth,  and  this  is  followed  by  a  good  bite  of 
aftermath  ;  but  our  observations  confirm  us  in  the  opinion  that  it 
is  very  watery  in  its  composition,  and  its  herbage  is  by  no  means 
of  the  sweet  quality  that  belongs  to  the  best  species.  Sinclair, 
however,  speaks  very  highly  of  its  properties,  and  in  this  he  is 
followed  by  Parnell ;  he  says,  "  the  superior  produce  of  this 
Poa  over  many  other  species,*  its  highly  nutritive  qualities, 
seasons  in  which  it  arrives  at  perfection,  and  the  marked  partiality 
which  horses,  oxen,  and  sheep  have  for  it,  are  merits  which  dis- 
tinguish it  as  one  of  the  most  valuable  of  those  grasses  which 
affect  rich  soil  and  sheltered  situations." — Hort,  Gram.  WobunUy 
p.  88. 

Now,  we  cannot  say  that  we  have  observed  any  partiality  of* 
cattle  for  this  grass,  and  feel  inclined  to  the  belief  that  the  fol- 
lowing circumstances  have  contributed  not  a  little  to  an  over- 
estimation  of  its  qualities  in  this  respect.  If  we  examine  its 
progress  we  shall  And  that  it  is  nearly  a  month  later  than  the 
general  mass  of  the  meadow  grasses ;  so  that  it  is  no  wonder  that 
cattle  should  choose  the  green  leaves  of  this  species  at  a  time 
when  its  congeners  are  in  culm  ;  but  this  is  no  argument  for  its 
superior  value ;  on  the  contrary,  we  are  constantly  being  told,  in 
the  language  of  the  farmer,  that  hay  from  such  situations  has  not 
the  "proof  in  it  of  that  of  the  good  sound  meadow — ^a  circumstance 
which  may,  no  doubt,  in  part  be  attributed  to  the  quantity  of 
water  it  contains,  as  shown  by  Mr. Way  in  his  '  Fourth  Report  on 
the  Analysis  of  the  Ashes  of  Plants,'  to  which  we  have  been 

*  Here  he  does  not  mean  of  Poa,  but  other  species  of  grasses. 
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greatly  indebted  for  some  valuable  information,  and  from  which 
we  extract  the  following  table,  showing  the  percentage  of  water 
in  three  species  of  Poa  compared  with  Phleum  pratense. 


Grass. 

Date  of 
CoUectlon. 

Water 
percent 

Nature  of  soiL 

I*oa  annua 

„    pratcnsis     .. 

,,    irivialis 
l^ldcum  pratensis 

May  23    .. 
June  11    .. 
June  18   .. 
July  11    .. 

79-14 
67-14 
73-60 
57-21 

Loam,  with  gravelly  subsoil. 
Dry  <»&lcareous  loam. 
Calcareous  loam. 
Ditto. 

From  this,  no  less  than  long  observations  of  its  history  and  gene- 
ral characteristics,  we  should  feel  disposed  to  rank  Poa  irivialis 
as  a  very  inferior  grass  to  Poa  pratensis^  holding  indeed,  as  far  as 
the  value  of  its  hay  and  herbage  is  concerned,  an  intermediate 
position  between  the  latter  and  Poa  anmuL  As  a  weed,  the  Poa 
irivialis  is  often  exceedingly  annoying,  especially  on  poor  damp . 
clays.  We  have  seen  it  in  some  of  the  stretches  of  the  Fuller's- 
earth,  choking  even  the  scanty  crop  of  grain  which  this  stratum 
will  grow  when  ill  drained  or  otherwise  unmitigated ;  it  is  how- 
ever easily  got  rid  of  by  thorough-draining,  and  letting  light  and 
air  into  this  stubborn  soil. 

3.  Poa  praiensis — smooth-stalked  meadow  grass — is  very  con- 
stant in  pastures,  and  especially  in  those  of  the  best  quality  ;  it 
yields  a  good  bulk  for  the  rick,  and  sends  up  a  quantity  of  herb- 
ao;e  for  the  aftermath,  which  is  less  injured  by  cold  and  other 
climatal  changes  than  almost  any  other  species ;  its  range  is  very 
wide,  being  found  on  dry  uplands,  in  deep  loams,  and  in  both 
flooded  and  irrigated  meadows,  and  should  always  be  largely 
intermixed  with  seeds  in  the  laying  down  of  permanent  pasture. 
Thus  it  will  be  seen  that  our  experience  of  this  species  is  quite 
at  variance  with  that  of  the  '  Hortus  Gramineus  Wobumensis,' 
in  which  it  is  stated,  that  "  upon  the  whole  it  is  an  inferior  grass ; 
its  strong  creeping  roots  exhaust  the  soil ;  its  growth  after  mowing 
is  slow ;  and  its  spring  growth,  though  early,  is  inconsiderable  ; 
and  upon  the  whole  it  is  unfit  to  be  introduced  among  the  supe- 
rior sorts." 

Now,  as  regards  the  creeping  roots,  these  are  never  strong  in 
the  pasture ;  if,  however,  the  grass  be  employed  in  turf-walks 
in  the  garden,  it  then  spreads  strong  rhizomes  into  the  plots  in 
contact,  on  which  account  it  should  never  be  brought  to  such 
situations ;  but  how  rhizomes  could  exhaust  the  soil  except  by 
producing  grass,  we  cannot  make  out ;  the  truth  is,  that  all  good 
grasses  exhaust  the  soil  if  taken  oiT  in  the  shape  of  hay,  and  this 
one  especially  by  reason  of  its  good  crops ;  but  such  should  be 
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invigorated  by  manuring  and  good  cultivation,  for  which  this 
species  amply  repays. 

4.  Poa  compressa — ^flat-stalked  meadow  grass — can  only  be 
looked  upon  as  a  weed,  and  its  thin  wiry  rhizomes  make  it  very 
troublesome  in  some  of  the  brashes  of  the  inferior  and  great 
oolite  limestone  rocks  ;  the  Gloucestershire  farmer  distinguishes 
it  by  the  name  of  squitch,  whilst  the  stronger  rhizomes  of 
Triticum  repens  are  termed  couch.  This  weed  is  very  diffi- 
cult to  get  rid  of,  as  it  creeps  beneath  the  stones,  so  that  the 
plough  has  but  little  chance  with  it,  and  where  it  once  takes  root 
it  is  too  rapid  in  its  spread  to  be  mastered  by  the  fork.  The 
plan  we  have  seen  as  most  effective  is  to  sow  white  mustard  in 
the  wheat  stubbles  in  which  it  prevails,  and,  when  eaten  off  by  the 
sheep,  apply  a  dressing  of  decomposed  farmyard  manure,  and 
plough  up  for  a  winter  fallow.  In  spring  prepare  for  the  turnip 
crop,  which  should  be  sown  on  the  ridge ;  by  such  means  tl:^ 
soil  becomes  deeper  and  better  in  quality — two  circumstances 
which,  besides  want  of  rest,  are  highly  prejudicial  to  the  growth 
of  squitch. 

5.  Poa  nemordlis  —  wood  meadow-grass  —  though  early,  yet 
yields  so  small  a  quantity  of  light  culms  and  delicate  leaves  as 
to  render  it  scarcely  worth  cultivation  ;  at  the  same  time,  if  cat 
early  it  sends  up  a  second  crop  of  flowers ;  and  its  habits  point 
it  out  as  well  adapted  for  glades  in  parks,  and  under  trees.  Its 
herbage,  though  not  of  great  amount,  is  of  good  quality,  and  we 
have  observed  that  cattle  eat  it  greedily. 

6.  Poa  fluitans — ^floating  meadow-grass.  In  this  species  we 
have  a  form  at  first  sight  so  distinct  from  Poa  as  almost  to  en- 
title it  to  another  generic  name,  which  indeed  by  some  botanists 
has  been  given,  in  that  of  Glyceria^  a  separation  which  we  should 
at  once  adopt,  both  from  its  structure  and  habit,  were  this  the 
only  species  in  the  group ;  but  its  congeners,  P,  maritima^  P. 
distansy  and  P.  procumbens^  sufficiently  unite  it  to  the  true  Poas 
for  all  practical  purposes.  This  grass,  with  its  evergreen  leaves, 
will  be  constantly  found  floating  on  the  water  of  the  pool  or  the 
stream ;  in  the  summer  it  sends  up  some  upright  culms,  which 
are  more  or  less  branched,  and,  with  the  whole  herbage,  very 
sweet  in  flavour,  on  which  account  cattle  prefer  it  when  young 
to  almost  any  other  species  ;  it  is,  however,  remarkably  liable  to 
become  ergotised — a  circumstance  which  would  appear  to  render 
it  highly  injurious  to  cattle  which  are  obliged  to  partake  of  it, 
arising  either  from  the  ill  effects  of  the  ergot  itself,  or  the  damp 
circumstances  under  which  the  grass  grows,  or  perhaps  both 
causes  combined.  In  some  cases  which  have  come  before  qs, 
abortion  in  cows  has  been  frequent  in  low  meadows  traversed  by 
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watercourses  and  wet  stretches  in  which  this  gniss  has  been 

abundant. 

Briza — panicle  lax;  locustce  of  from  six  to  eight  very 
tumid  florets ;  glumes  equal,  rounded,  and  with  the  whole 
flower  quite  smooth. 

Briza  media — quaking-grass — is  so  called  from  the  restless- 
ness of  its  pendulous  flowers,  which  are  comparatively  heavy, 
and  balanced  on  delicate  rounded  pedicels.  Though  a  beautiful 
species,  it  is  of  no  use  agriculturally ;  however,  as  it  grows  for 
the  most  part  in  poor,  stiff,  undrained  days,  it  may  always  serve 
by  its  presence  or  absence  as  an  indication  of  condition.  If  present 
in  quantity,  we  may  predicate  a  stiff  unmitigated  clay,  such  as  are 
found  in  the  lias  shales,  Oxford  clay,  forest  marble,  and  London 
clays,  and  especially  where  not  visited  by  local  deposits,  undrained, 
or  otherwise  badly  cultivated ;  these  formations  will  be  found  to 
afford  too  much  of  this  species,  and  far  too  little  of  those  of  a 
better  quality.  If,  however,  the  soil  be  merely  wet,  and  not  of 
a  decidedly  stiff  description,  less  of  the  quaking-grass  will  occur, 
but  the  specimens  will  be  far  larger  in  size,  and  equally  useless 
as  food. 

This  grass  is  not  touched  by  cattle,  and,  therefore,  its  culms 
may  be  observed  late  in  the  season,  usually  accompanied  by 
those  of  the  Cynosurus  cristatus.  At  any  time  it  yields  little 
to  even  the  scanty  bulk  of  the  hay  from  its  favourite  habitats, 
and  its  short  leaves  render  it  useless  for  pasture. 

Dactylis — panicle  with  the  primary  branches  long ;  pedicels 
short,  so  that  the  flowers  are  clustered  in  bunches ;  glume 
of  two  unequal  valves  arranged  obliquely  ;  glumel  pointed, 
almost  awned. — P. 

Dactijlis  glomerata  is  too  well  known  to  need  further  descrip- 
tion, especially  as  we  have  but  a  single  native  species  to  consider ; 
its  agricultural  capabilities  render  it  an  important  one  to  the 
farmer,  as  it  yields  a  very  large  bulk  both  of  culms  and  long 
leaves  to  the  hay  crop,  and  a  no  less  proportion  of  aftermath; 
and  though  somewhat  rough,  coarse,  and  woody  in  its  culms, 
especially  if  left  too  long  before  cutting,  yet  it  presents  for  the 
most  part  a  highly  nutritious  and  bountiful  supply  to  the  rick ; 
it  is,  moreover,  remarkable  for  its  quickness  of  growth  after 
mowing,  as  in  a  few  days  its  light-green  succulent  leaves  will  be 
seen  considerably  overtopping  the  surrounding  turf ;  and  if  at 
this  time  cattle  be  turned  into  the  field,  they  invariably  make  a 
first  attack  upon  the  young  cocksfoot. 

Sinclair,  in  speaking  of  this  grass,  says,  ^^  By  various  tests 
to  which  the  leaves  and  stems  were  submitted  at  different  periods 
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of  their  growth,  the  author  found  that  the  stems,  when  full 
grown,  contain  more  nutriment  than  the.  leaves  at  any  time ; "  and 
his  general  conclusions  respecting  this  grass  are,  that  ^^  it  is  more 
valuable  for  pasture  than  for  hay,  and,  for  the  latter  purpose,  is 
superior  to  rye-grass  and  many  others."  "If  constantly  kept 
closely  grazed,  it  yields  a  greater  profit  than  used  in  any  other 
way,  merely  because  the  leaves  grow  rapidly,  and  give  a  full 
bite."  This,  though  appearing  at  first  as  somewhat  paradoxical, 
is  quite  in  accordance  with  our  own  observations,  which  lead  us 
to  conclude  that,  in  all  its  stages,  this  is  a  highly  valuable  grass. 
This  view,  again,  is  confirmed  by  Mr.  Way's  analysis,  which 
determine  it  to  belong  to  the  best  agricultural  species.  It  has 
the  merit  of  growing  in  almost  any  soil,  and  enduring  a  great 
range  of  climatal  difference ;  it  attains  to  maturity,  or  at  least 
to  as  great  a  bulk  as  any  other  species,  comparatively  soon,  and 
is,  therefore,  good  for  admixture  in  the  laying  down  of  permanent 
pasture,  and  might,  we  think,  be  profitably  employed  in  a  mix- 
ture with  rye-grass  in  seeds.  Its  more  robust  and  faster  growth 
than  most  other  species  should  prevent  its  being  used  for  lawns ; 
and  the  admirers  of  cricket  should  take  care  to  have  it  expunged 
from  their  field — a  consummation  indeed  which  will  soon  result, 
even  when  present,  from  plenty  of  practice  of  the  '  noble  sport/ 
There  is  a  variety  in  the  seed-market  known  as  giant  cocks- 
foot ;  it  is  not  different  from  the  usual  grass  when  in  cultivation, 
which  indeed  sometimes  attains  gigantic  proportions. 

Festuca — panicle  lax ;  glumes  unequal ;  finely  pointed  outer 
fflumely  with  a  short  awn  or  bristle  at  the  summit. 

In  this  genus,  so  far  as  the  farmer  is  concerned,  we  have  two 
types  which  may  be  conveniently  tabulated  as  follows : — 

a.  Leaves  more  or  less  setaceous  {hairlike). 

1.  Festuca  ovina — sheep's  fescue — leaves  setaceous;   panicle 

diffuse ;  rhizome  absent. — P. 

Festuca  ovina^  var.  duriuscula — hard  fescue — leaves  nearly 
plane  on  the  culm,  those  of  the  root  inclining  to  setaceous ; 
rhizome  absent. — P. 

Festuca  ovina^  var.  rubra — creeping  fescue — ^leaves  involute 
(rolled  inwards  at  the  edges),  thus  often  appearing  se- 
taceous ;  panicle  inclining  to  one  side ;  rhizome  more  or 
less  creeping. — P. 

b.  Leaves  plane. 

2.  Festuca  loliacea — spiked  fescue — ^panicle  spiked  in  two  rows, 

like  Lolium   perenne ;    leaves   long,  broad,  and  droop- 
ing.—P. 
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Festuca   loliaceay   var.  pratensis — meadow  fescue — panicle 
diffuse,  inclining  to  one  side ;  leaves  upright  and  succulent. 
—P. 
Festuca  loliacea^  var.  elatior — tall   fescue^panicle   large; 
much  branched  ;  leaves  harsh  and  rigid. — P. 
On  comparing  our  nomenclature  with  that  of  botanical  authors, 
it  will  be  seen  that  it  differs  materially  from  all  of  them ;  our 
reasons  for  this  course  will  be  made  apparent  from  the  following 
observations  and  experiments : — 

Six  years  since  we  sowed  separate  plots  of  the  three  first  forms 
with  seed  from  the  Messrs.  Gibbs ;  these  came  up  well,  and  soon 
established  themselves  in  the  separate  tuft  method  so  peculiar  to 
this  group  when  unmixed  with  other  species.  The  first  two 
years  they  were  tolerably  distinct,  now,  however,  the  following 
facts  are  observable : — F,  ovina^  duriuscula^  and  rubra^  scarcely 
distino^uishable  in  size  or  details,  while  the  creeping  habit  of 
root  of  the  latter  is  entirely  lost.  It  may  be  remarked  that  the 
F,  rubra  is  not  amongst  our  wild  forms  at  Cirencester,  but 
we  have  occasionally  met  with  specimens  of  F.  duriuscula  in 
the  road-dirt  with  which  the  tops  of  our  stone  walls  are  fre- 
quently capped,  having  a  decidedly  creeping  habit,  which,  if 
shown  as  a  tendency  in  the  "  light  sandy  pastures  near  the  sea," 
which  is  given  by  Hooker  as  the  habitat  of  the  F.  rubra^  may 
account  for  ovina  taking  on  the  rubra  form  in  such  a  locality. 

As  respects  ovina  and  duriuscula^  it  may  be  remarked  that 
poor  uplands  present  the  first,  the  bushes  and  hedgerows  of 
these  the  second,  which  is  sure  to  prevail  in  good  upland  mea- 
dows ;  but  seldom  are  they  greatly  intermixed,  which  perhaps 
may  be  taken  as  an  argument  that  the  variety  is  induced  by  the 
difference  of  circumstances.  From  long  observation  of  these,  we 
can  only  consider  them  as  varieties  of  the  same  species,  and  had 
•we  choice  of  names  should  choose  for  it  F.  duriusculay  as  the  de- 
parture seems  to  be  from  that  type,  of  which  the  ovina  is  the 
mountain  form  and  rubra  a  sea-side  one. 

Festuca  loliacea  varieties. — At  the  same  time  as  the  above,  were 
50 wn  the  three  forms  tabulated  below  in  the  following  order : — 


Festuca 

I  estuca 


loliacea. 


I 


loliacea, 
var.  pratensis. 


Festuca 

loliacea, 

var.  elatior. 


Plot  1. 


These  plots  the  first  year  of  flowering  presented  the  following 
appearances : — 

Plot  1.  F.  loliacea — most  of  the  plants  were  of  the  true  spicate 
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type,  but  were  sparingly  intermixed  with  paniculate  flowen; 
the  herbage  of  all  wag  of  the  rich  green  which  characterises  the 
true  type. 

Plot  2.  F.  loliaceuj  var.  pratensis — all  came  true,  but  with  a 
tendency  to  a  rigidity  of  leaf. 

Plot  3.  F.  hliaceoj  var.  elatior — scarcely  distinguishable  from 
plot  2. 

In  three  years  great  changes  had  been  wrought,  as  under :— ^ 

Plot  1.  No  spicate  flowers  in  the  whole  plot. 
„     2.  More  rigid  and  larger  ;   in  fact,  none  of  the  true  type. 
„     3.  A    little   larger,   but    otherwise  not  distinguishable 
from  plot  2. 

Now  in  the  sixth  year  the  F.  elatior  form  prevails  in  all  the 
plots.  Here,  then,  we  think  that  it  is  satisfactorily  proved  that 
these  three  forms  are  all  referrable  to  a  single  species,  as  the 
change  has  taken  place,  not  by  hybridisation,  but  in  individuals; 
at  the  same  time  they  may  maintain  their  distinctive  characters 
under  the  following  circumstances : — 

1.  In  meadows  by  the  side  of  rivers,  especially  where  sub- 
jected to  occasional  floods — as  the  Isis  at  Oxford,  or  irrigated 
meadows  on  the  banks  of  the  Chum  at  Cirencester.  The  F. 
loliacea  is  constant,  and  is  a  most  valuable  grass  for  bay  or 
pasture. 

2.  In  rich  meadow  flats,  as  in  the  vale  of  Berkeley,  the  cele- 
brated locality  for  the  production  of  double  Gloucester  cheese, 
the  F.  loliacea^  var.  pratensis^  is  a  common  and  valuable  denizen, 
and  any  meadow  where  it  maintains  its  characteristics  may  be 
considered  as  good  in  quality. 

3.  On  the  alluvial  sandy  clay  banks  by  the  seaside,  or  poor 
silicious  clays  inland,  the  variety  elatior  rears  its  tall  coarse  form. 
In  the  county  of  Gloucester  the  warp  mud  on  the  banks  of  the 
Severn  estuary  is  always  occupied  by  this  grass,  which  we 
look  upon  only  as  the  extension  of  the  pratensis  from  the  rich  flats 
within  the  sea-wall  boundary. 

Tlie  F.  pratensis  is  a  grass  which  is  always  recommended  for 
admixture  in  forming  new  pastures,  on  which  account  there  can 
be  but  little  doubt  that  it  was  used  in  the  glades  laid  do^m  within 
the  last  few  years  at  the  entrance  of  Oakly  Park,  the  seat  of  the 
Earl  Bathurst.  When  first  sown  it  came  up  true  enough,  though 
with  a  disposition  to  harshness ;  the  last  three  years  it  has  become 
elatior  in  all  its  features,  and  is  now  in  such  large  coarse  tussacSj 
or  hassocks  as  they  are  technically  called,  as  to  make  the  spot 
dissightly  as  a  lawn  and  much  impaired  for  hay  or  pasture. 
The  secret  here  appears  to  be  that  the  soil  consists  of  sandy  days 
of  the  Forest  marble  rock,  the  texture  of  which  is  very  similar  to 
that  in  the  favourite  habitats  of  this  form  of  grass. 
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Here,  then,  we  see  in  these  farms  of  fescue,  plants  which 
assume  what  have  been  taken  as  specific  differences,  not  only 
from  change  of  circumstance  giving  rise  to  varieties  which  are 
maintained  from  seed,  but  assuming  a  varied  form  from  the  same 
seed,  and  absolutely  becoming  pratensis^  and  afterwards  elatior^ 
from  a  typical  form  of  loliacea ;  and  so  certain  has  this  been  the 
result  in  our  own  experimental  garden,  that  the  result  of  twice 
sowing  the  three  forms  of  seed  from  different  seedsmen  has  been 
the  negative  of  loliacea  and  pratensis  and  the  permanent  establish- 
ment of  elatior  on  all  the  plots. 

As  therefore  F.  elatior  seems  to  be  the  more  perfect  state  of 
the  grass,  this  name  should  more  properly  be  attached  to  the 
group. 

In  an  agricultural  point  of  view,  the  fescues  afford  widely 
useful  varieties,  each  of  which  is  valuable  under  certain  distinct 
circumstances,  and,  indeed,  under  them  keep  their  typical  forms, 
thus : — 

F.  ovina  is  essentially  a  grass  of  the  thin  soils  resting  on  rocky 
uplands,  as  on  the  mountain  limestone,  the  oolites  of  the  stony 
Cotteswolds,  and  roost  mountain  ranges. 

-F.,  var,  duriuscula — in  the  valleys  between  such  hills,  and  in 
the  more  sheltered  pastures  in  upland  districts. 

F.,  var.  rubra — in  sandy  loams  of  the  lowland  meadow,  and  by 
the  sea-sliore.  » 

F.  loliacea — rich  meadows,  on  river-banks,  or  under  irrigation. 

F,,  var,  pratensis — best  lowland  pastures  not  liable  to  floods. 

F,,  var.  elatior — on  sandy  clays,  or  other  stiff  or  strong  land, 
especially  on  warped  sea-shores. 

In  each  of  these  situations  the  peculiar  form  is  well  adapted 
for  yielding,  under  the  circumstances,  as  good  a  crop  and  of  as 
good  quality  as  any  other  species.  There  can  be  no  objection  to 
their  encouragement  in  the  habitats  indicated.  The  last,  how- 
ever, is  exceedingly  coarse,  and  would  thus  only  be  adapted  for 
the  grazing  of  such  cattle  as  may  occasionally  be  enabled  to 
rough  it. 

Bromus— -pawicZ^  lax ;  glumes  more  or  less  tumid  ;  outer 
glumel  with  a  long  awn  from  near  its  middle,  inner  one 
ciliaiedy  edged  with  fine  hairs. 

Of  this  genus  there  are  several  species  which  are  of  little  mo- 
ment to  the  farmer  ;  and  indeed  those  in  which  he  is  interested 
are,  for  the  most  part,  rather  enemies  than  friends.  Of  these  the 
following  may  serve  as  a  synopsis : — 

a.  AmmaL 
1.  Bromus  mollis — soft  brome,  "  lop  **  of  the  farmer — IocusUb 


536  The  Natural  History  of  British  Grasses. 

ovate,  of  from  six  to  ten  florets,  upright,  on  short 
pedicles  ;  flowers  and  whole  plant  hairy. 

2.  Jff.  mollis^   var.  racemosus  —  smooth  brome — the  same  u 

the  preceding,  only  that  the  flowers  are  smooth  and 
glistening. 

3.  B,  mollis,  var.  commutatus — field  brome — locust®  of  from  ten 
'    to  twelve  smooth  florets,  more  or  less  drooping,  upon 

long  and  slender  pedicles. 

4.  B.  secalinus — ^locustse  of  from  eight  to  ten  florets,  which 

are  usually  smooth,  but  in  the  sub-variety  velutinus  are 
hairy  ;  much  drooping  in  seed,  when  the  florets  are  more 
distinct  and  separated  than  in  the  other  forms. 

b.  Perennial. 

5.  B.   erectus — locustce  upright,  on   short   pedicles;    florets 

lanceolate,  smooth  ;  anthers  bright  orange. 

The  two  first  of  these  may  practically  be  taken  together,  as  the 
racemosus  can  only  be  considered  as  a  smooth  form  of  mollis,  and 
by  which  the  latter  is  but  sparingly  accompanied,  being  pro- 
duced from  the  same  sample  of  seed.  It  is  known  by  the  farmer 
under  the  name  of  ^'  lop/*  and  is  a  detestable  weed,  especially  in 
seeds,  where  it  sometimes  prevails  to  such  an  extent  as  to  form 
the  greater  part  of  the  hay-crop.  In  this  case  it  is  difficult  of 
eradication,  because  it  is  much  earlier  than  the  rest  of  the  grass ; 
and  if  the  hay  be  cut  early,  to  prevent  its  seeding,  there  are 
always  some  unflowered  stems  left  behind,  which  will  shoot  up 
and  seed  in  the  aftercrop.  On  this  account  it  has  been  reconH 
mended  to  be  cut  often^  but,  after  all,  this  is  a  method  of  cure 
which  would  frequently  render  a  crop  of  seeds  of  comparatively 
little  use  to  the  farmer.  "  Prevention,  therefore,"  says  Sinclair, 
"is  most  to  be  recommended,'*  and  this  is  to  be  achieved  by 
judicious  cropping  and  liberal  treatment,  and  more  especially  as 
this  grass  is  mostly  a  denizen  of  poor  exhausted  soils.  But, 
above  all,  we  should  be  particular  not  to  sow  this  grass  with  our 
crop — a  process  by  which  its  continuance  is  constantly  ensured 
without  proper  care,  and  which  results  in  the  following  manner. 

A  dishonest  farmer  has  a  crop  of  seeds  which  may  be  very 
foul,  especially  with  a  prevalence  of  lop.  In  this  case  he  knows 
it  will  be  not  only  a  short  but  a  poor  crop  of  hay  and  grass ;  he 
therefore  seeds  it,  and  the  lop  and  the  rye-grass  thus  become  in- 
vseparable,  and  the  superior  weight  of  the  former  makes  up  a 
tolerable  weight  of  seed,  which,  even  if  sold  at  a  reduced  price 
because  it  is  not  of  the  best  quality,  pays  better  than  by  any 
other  mode  of  dealing  with  it ;  and  thus,  as  long  as  men  are 
Togues  enough  to  seed  foul  patches,  and  others  are  so  foolish  as 


Tlie  Natural  History  of  British  Grasses.  537 

to  buy  the  cheapened  produce,  so  long  will  this  be  a  source  of 
weeds.  Yet,  so  far  as  clean  farming  is  concerned,  we  cannot 
consider  any  as  entitled  to  that  name  unless  as  well  as  destroying 
weeds  it  also  provides  against  sowing  them.  "Prevention"  i& 
indeed  better  than  cure,  as  weeding,  however  judiciously  per- 
formed, is  sure  to  leave  enough  of  prolific  enemies  to  continue 
the  pest,  so  that  it  is  the  best,  and  safest,  and,  we  think,  the 
cheapest  cure.  We  have  been  thus  hard  upon  the  lop,  as  it  can 
only  be  considered  a  weed,  being  an  annual  grass ;  and,  notwith- 
standing the  high  position  in  which  my  friend  Dr.  Voelcker  has 
placed  it  in  Chemistry  of  Food,  in  respect  to  its  feeding  proper- 
ties, which  places  it  amongst  grasses  of  superior  quality,  yet 
cattle  will  not  eat  it  if  they  can  possibly  avoid  doing  so,  and  hay 
is  always  poor  in  which  it  occurs,  which  is  not  to  be  wondered 
at  when  the  lop,  for  the  most  part,  elects  to  grow  in  the  most 
impoverished  soils. 

Broinus  commutatus  we  can  only  view  as  a  variety  of  jff.  mollis. 
Its  situation  is  that  of  low  damp  irrigated  meadows,  in  which  the 
mollis  is  quite  exceptional,  though,  when  it  does  occur,  it  assumes 
the  drooping  habit  of  the  commutatus^  and  offers  many  interme- 
diate states.  Now,  as  we  have  watched  the  laying  out  of  poor 
pastures  as  irrigated  meadows,  we  have  observed  that  two  or 
three  years  is  often  capable  of  changing  the  B,  mollis^  which  was 
before  alone,  into  commutatus.  Of  course  it  may  be  considered 
that  this  was  in  virtue  of  that  law  of  substitution  of  one  species 
for  another  which  universally  occurs  on  a  change  of  soil,  but  we 
incline  to  think  that  much  of  this  where  it  occurs  is  due  not 
merely  to  this  cause,  but  to  real  change  of  form,  as  the  result  of 
an  alteration  of  condition  and  circumstance ;  and,  as  regards  the 
grass  under  consideration,  our  chain  of  evidence  is  nearly  com- 
plete in  establishing  this  position,  when  it  is  stated  that  the 
B.  commutatuSy  from  the  irrigated  meadows,  most  certainly  in 
cultivation  in  my  experimental  garden,  has  resulted  in  some  fine 
examples  of  B.  seculinus,  a  form  not  before  known  there,  and 
therclorc  not  liable  to  have  led  me  into  error,  as  might  be  the 
case  where  the  different  varieties  are  wild  natives. 

That  B.  arvensis^  and  perhaps  other  forms,  may  by  cultivation 
be  shown  to  be  varieties  of  an  annual  grass,  of  which  B.  mollis  is 
the  common  type,  is  an  idea  which  seems  to  be  countenanced  by 
the  protean  forms  of  mollis  and  its  congeners. 

B.  erectus  is  a  perennial  brome,  very  partial  to  limestone 
soils,  and  is  one  of  the  commonest  grasses  on  the  poor  thin  oolite 
brashes,  extending  along  the  whole  of  the  Cotteswold  chain  of 
hills,  from  Bath  to  Chipping  Campden;  it  is  no  less  prevalent 
on  the  chalk  range,  and  the  quantity  of  lime  which  its  ash  con- 
tains may  have  something  to  do  with  this  preference.     The  per- 
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centage  of  this  product  (lime)  in  B.  erectiis,  when  tompaied 
with  some  other  species,  is  interesting :  we  therefore  copy  it 
from  Mr.  Way's  fourth  Report  on  the  Analyses  of  the  Ashet  of 
Plants  :— 

Percatigeof 
Lime  in  Ash. 

Festuca  duriuscula  (a  common  chalk  species) . .      . .  10  •  31 

Bromus  crectus  (upright  brome)      10*38 

Dactylis  glomerata  (cocksfout) 6 '  82 

Alopecurus  pratensis  (meadow  foxtail)    ».      *.      ..  3*90 

Indeed,  as  regards  lime,  out  of  sixteen  species  the  B.  erectos  is 
only  exceeded  by  the  following : — 

i^BTMntigs  of  UniiB. 

Foa  annua  (annual  meadow) 11*69 

Fhleum  pratensc  (Timothy  grass)    ..      ..      ..      ..14*94 

— the  first  of  these  always  succeeding  best  on  road-scrapings  from 
limestone  road-metal,  as  Bristol  limestone,  and  the  latter  on  allu- 
vial mud-banks  from  rivers,  which  is  always  full  of  shells.  These 
are  facts  which,  while  they  show  the  general  correctness  of  Mr. 
Way's  analyses,  at  the  same  time  point  out  their  value  and 
importance. 

The  B.  erectus  is  usually  refused  by  cattle ;  it  is  a  tall  grass, 
but  from  growing  few  culms  and  long  leaves  it  appears  much 
more  productive  than  it  really  is.  Whatever  tends  to  the  im- 
provement of  the  pasture  contributes  to  its  disappearance,  and  its 
presence  in  quantity  may  be  held  as  a  sure  sign  of  poverty  of 
soil,  as  well  as  an  evidence  of  its  calcareous  nature. 

AvENA — -panicle  more  or  less  lax;  glumes  thin  and  mem- 
branaceous ;  glumels  pointed,  adherent  to  the  seed. 

In  this  genus  we  have  two  divisions,  one  of  which  contains 
strictly  agrarian  species,  which  are  doubtful  natives,  and  are  per- 
haps only  derived  from  degenerated  corn-oats.  The  other  con- 
tains very  distinct  plants,  exclusively  belonging  to  the  meadow. 

a.  Agrarian  Oats. 

1.  Arena  fatua — wild-oat — locustce  of  three  florets ;  glumels 

hairy  all  over,  outer  one  with  a  long  stout  awn  bent  at  right 
angles,  and  the  lower  half  twisted  when  ripe. — A. 

2.  A.  strigosa — bristle-pointed    oat — locustce  of  two   perfect 

flowers ;  glumels  with  two  long  bristly  points  awned. — ^A. 

b.  Meadow  Oats, 

3.  A,  pratensis — locustce  of  from  three  to  five  florets ;  leaves  not 

hairy,  finely  serrated  ;  whole  plant  rigid. 

4.  A.  pubescens — locustce  of  three  florets ;  outer  glumel  jagged ; 

leaves  flat,  more  or  less  downy ;  plant  soft  and  hairy. 
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5.  A.florescens — ^locustse  of  three  floretft,  flowers  small,  yellow, 
very  numerous. 

Avenafatua  is  a  grass  which  almost  universally  accompanies 
agrarian  circumstances,  that  is  to  say,  it  seldom  if  ever  occurs  in 
a  truly  wild  aboriginal  state,  but  is  an  attendant  upon  tillage, 
and  in  some  soils  is  a  most  common  and  detested  weed  in  various 
crops,  but  more  especially  amid  grain,  whether  of  wheat,  barley, 
or  oats  ;  sometimes  too  with  beans  or  seeding  vetches,  or  indeed 
in  any  crop  which  is  of  sufficient  duration  to  allow  it  to  ripen, 
and  from  which  it  is  not  eradicated  in  weeding  by  the  hoe. 

It  is  a  tall  grass,  rivalling  the  height  of  the  finest  cultivated 
oat,  from  some  forms  of  which,  and  especially  those  with  a  lax 
panicle,  it  is  at  a  first  glance  not  readily  distinguishable ;  how- 
ever, a  more  careful  examination  and  comparison  with  the  so- 
called  Avena  sativa  enables  us  to  make  out  the  following  dif- 
ferences : — 


Avenafatua — "Wild  Oat. 

Florets  usually  three,  each  armed 
with  a  stiff  awn,  which  is  bent  in  the 
middle,  the  lower  part  twisted  when 
ripe ;  covered,  more  particularly  at  the 
base,  with  straight  harsh  bristles ;  seed 
small  and  worthless. 


Avena  aatiiM — Coltivated  Oat 

Florets  usually  two,  either  with  or 
without  awns,  but  straight  and  less 
rigid  when  present  than  in  A.  fatua; 
quite  smooth  externally,  and  somewhat 
tumid  from  its  enlarged  seed  or  grain 
for  which  the  plant  is  cultivated. 


The  experiments  about  to  be  detailed  were  performed  with  the 
Avenafatua,  In  the  autumn  of  1851  we  collected  some  seed  of 
the  wild  oat,  putting  it  aside  for  spring  planting,  and  in  the  spring 
of  1852  we  drilled  a  plot  of  2i  yards  square  with  the  seed  that 
had  been  kept  during  the  winter — a  fact  to  be  carefully  noted, 
as  it  forms  a  first  and  most  important  link  in  our  chain  of  evi- 
dence, thus  constituting  what  we  shall  hereafter  revert  to  as  a 
cultivative  process.  The  seed  came  up  well,  the  plants  on 
ripening  were  tall  and  robust,  and  the  grains  presented  a  scarcely 
appreciable  difference  from  the  wild  examples,  but  if  anything 
there  might  have  been  a  slight  tendency  to  increase  in  the  quan- 
tity of  flour.  The  seeds  again  collected  and  preserved  through 
the  winter  were  sown  in  a  patch  of  similar  size  in  a  different  part 
of  the  garden  in  the  spring  of  the  following  years  1853-54-55, 
with  little  alteration  from  year  to  year,  though  in  some  examples 
the  following  tendencies  seemed  from  the  first  to  be  gaining 
strenp^th  : — 

1.  A  i^radual  decrease  in  the  quantity  of  hairs  on  the  florets. 

2.  A  more  tumid  grain,  in  which  the  covering  "skin"  was 
less  coarse  and  the  awn  less  stout  and  straighter. 

3.  A  gradually  increased  development  of  kernel  or  flour. 
The  seeds  of  1855,  without  selection,  were  treated  through  the 
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winter  the  same  as  before,  and  sown  in  the  spring  of  the  present 
year,  the  resulting  crop,  gathered  in  the  latter  end  of  August, 
presenting  the  following  carious  variations : — 


of  cadL 

Ist.  Avena  fatua,  wild  oat  of  the  true  type,  with  large  loose  panicles 
of  flowers,  thin  hairy  florets,  with  the  hent  awn  twisted  at 

the  base 5 

2nd.  Avena  fatua,  var.  sativa,  with  loose  panicles  of  flowers,  florets 
quite  smooth  and  tumid,  with  or  without  straight  awns, 
some  few  examples  slightly  hairy  towards  the  base.     This 

is  near  the  potato-oat  type       ..      ..      5 

3rd.  Avena  fatua,  var.  sativa.  Panicles  more  compact,  flowers  in- 
clining to  one  side,  grains  more  tumid  than  2,  quite  devoid 
of  hairs,  awn  straight.  These  present  the  type  of  the  white 
Tartarian  oat 12 

Each  of  these  forms  is  now  separately  saved  for  further  expe- 
riment, whilst  the  shed  seeds  of  the  plot  are  left  to  grow  as  they 
would  do  in  nature,  with  the  view  of  demonstrating  the  down- 
ward progress  by  the  reverse  methods  to  those  adopted  in  the 
cultivative  ones. 

We  may  add  here,  that  in  the  article  Avena  in  Morton's  *  Cyclo- 
paedia of  Agriculture,'  Dr.  Lindley  referred  to  the  probability  of 
the  wild  origin  thus  demonstrated,  suggesting  that  the  cultivated 
oat  'is  "  a  domesticated  variety  of  some  wild  species,  and  may  be 
not  improbably  referred  to  Avena  strigosa^  the  bristle-pointed 
oat,  which  would  become  the  common  oat  by  a  slight  alteration 
of  the  form  and  division  of  its  pales  and  the  loss  of  one  of  its 
awns — changes  much  less  considerable  than  are  known  to  have 
taken  place  in  other  cultivated  plants." 

The  experiments,  as  far  as  they  liave  now  gone,  show  us  in  the 
clearest  possible  manner  that  ihe  Avena  fatua  is  the  parent  of  our 
cultivated  oat,  and  that  not  only  of  one  but  of  more  forms  or 
varieties  produced  in  the  same  space  of  time  and  by  the  same 
series  of  operations, — conclusions  which  cannot  be  other  than 
interesting  to  the  botanist,  whilst  to  the  farmer  they  offer  con~ 
siderations  no  less  curious  in  theory  than  important  in  a  practical 
point  of  view. 

If  we  can  produce  the  cultivated  from  the  wild  weed  oat,  it 
follows  tliat  the  weed  may  result  from  a  degeneracy  of  the  culti- 
vated form  ;  and  this  will  serve  to  show  how  true  the  instincts  of 
the  old-fashioned  farmer  not  unfrequently  were,  as  we  remember 
that  some  years  since  a  main  objection  to  the  growth  of  oats  on 
stiff  lias  clays  was,  that  they  left  behind  them  wild  oats ;  and  all 
who  have  had  to  deal  with  them  as  a  weed,  as  not  unfrequently 
occurs  on  the  stiffer  lands  of  the  lias,  Forest  marble  or  Oxford  clays, 
may  well  dread  any  cause  of  its  increase.     As  a  botanical  notion 
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this  was  never  well  received,  but  viewed  as  impossible  by  the 
species-maker ;  however,  actual  experiment  has  at  leng^th  demon- 
strated its  truth,  and  it  may  just  be  mentioned  that  a  confirmation 
of  this  has  in  the  mean  time  been  arrived  at  by  a  different  process, 
which  we  can  now  only  shortly  detail. 

On  the  examination  of  stray  plants  of  oats  from  shed  seeds, 
where  the  year  before  oats  had  been  the  crop,  examples  are  not 
uncommon  with  a  few  hairs  at  the  base  of  the  floret,  whilst  the 
awn  will  be  mostly  stiffer  than  those  in  the  crop ;  and  this  on 
thin  soils,  where  wild  oat  is  not  usual  as  a  weed.  Again  on  stiff 
clays,  in  which  the  weed  prevails,  many  intermediate  forms  or 
degrees  of  wildness  will  be  observable,  perhaps  derivable  from 
the  cultivated  oats  brought  to  the  soil  in  manures. 

But  further,  if  we  examine  oats  grown  on  good  oat-lands,  we 
are  aware  of  the  following  characteristics — a  greater  weight  to 
the  bushel,  and  a  more  plump  grain  with  a  finer  coat  and  the 
awns  scarcely  more  than  bristles ;  and,  as  we  know  from  observa- 
tion, these  qualities  are  immediately  reversed  if  we  sow  good  oats 
from  a  favourable  oat-soil  in  a  district  unfavourable  to  the  growth 
of  this  corn. 

Here,  then,  the  result  of  our  experiments  and  observations  is 
to  show  that  the  wild  oat  by  cultivation  will  yield  different  sorts 
of  a  cultivated  or  crop  oat ;  so  that  new  varieties,  and  that  direct 
from  the  original  source,  are  easily  attainable ;  and  also  that  the 
cultivated  oat  may  degenerate  into  the  wild  form  from  which  it 
has  sprung,  and  in  some  soils  in  a  very  short  space  of  time.* 

A,  strif/osa^  Vikefatua,  is  in  all  probability  derived  from  some 
cultivated  form,  or,  as  Professor  Lindley  has  hinted,  it  may  be  the 
wild  form  from  which  some  cultivated  examples  have  been  derived ; 
it  is  only  found  as  an  agrarian,  and  that  very  rarely,  being  more 
common  in  Scotland  than  in  England,  its  place  with  us  being 
supplied  by  the  A.fatua, 

A  vena  pratensis,  in  the  stiff  untractable  land  in  which  it  delights 
to  grow,  can  only  be  considered  as  a  pasture  weed,  which,  how- 
ever, can  soon  be  got  rid  of  by  draining  and  better  cultivation ; 
in  short,  whatever  tends  to  the  amelioration  of  the  soil  will  quickly 
cause  it  to  die  out.  It  is  too  harsh  to  be  eaten  by  cattle,  so  that 
it  is  fortunate  that  it  is  seldom  to  be  met  with  in  large  quantities, 
being  by  far  the  rarer  form  of  the  meadow  species; 

A,  pubescens. — Besides  its  general  pubescence,  this  is  well  dis- 
tinofuished  from  the  preceding  by  its  very  short  upper  leaves, 
wliich,  when  compared  with  A.  pratensis,  may  be  estimated  as 
follows : — 

"*  Id  this  Report  several  curious  botanical  changes  which  took  place  as  the  expe- 
riment progressed  have  not  been  noticed,  as  they  would  unnecessarily  burden  me 
subject  for  the  general  reader. 
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I  Avena  pQbescens 
„      pratensis . . 
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Its  habitat  is  that  of  light  upland  pasture,  in  which  it  often  forms 
a  conspicuous  feature,  affording,  however,  but  a  small  weight  to 
the  crop  from  the  exceeding  lightness  of  the  culms  and  .flowers, 
and  its  short  after-leaves  produce  but  little  to  the  pasturage ;  it 
is,  however,  a  sweet  grass  in  all  its  stages,  and  one  which  is  well 
kept  down  by  depasturing  at  all  seasons.  A  small  proportion  in 
laying  down  permanent  pasture  in  the  upland  meadow  will  hence 
be  not  without  advantage. 

A.flavescens  is,  for  the  most  part,  a  denizen  of  calcareous  soils, 
on  which  it  thrives  remarkably  well,  being,  though  small,  equal 
in  point  of  produce  to  most  other  grasses  by  which  it  is  sur- 
rounded, arising  from  the  weak  growth  of  some  commoner  and 
larger  species  on  thin  brashes.  On  this  account  it  is  a  grass  of 
great  importance  for  admixture  in  light  upland  or  limestone  pas- 
tures, as  it  affords  some  sweet  hay  and  no  less  good  herbage  for 
grazing — a  circumstance  which,  as  Sinclair  justly  remarks,  re- 
commends it  to  form  part  of  even  richer  meadows,  "  and  more 
especially  if  the  land  be  elevated  and  without  good  shelter,  as  it 
thrives  better  under  such  circumstances  tlian  any  other;**  and 
animals  arc  very  fond  of  it. 

Phragmites — Panicle  more   or  less  compact ;  ffbtmes  and 
fflumels  finely  pointed,  the  latter  very  unequal. 

Phragmites  communis  {Arundo  phragmites) — common  reed — ^is 
too  well  known  to  need  description ;  it  grows  in  abundance  on  the 
margins  of  rivers  and  pools,  and  is  made  available  for  thatching 
purposes.  In  hedgerows  and  damp  places,  on  clay  soil,  it  will 
often  be  found  on  badly  managed  parts  of  the  farm,  where  its 
great  size  and  stout  rhizomes  make  it  a  troublesome  weed.  Drain- 
ing, however,  is  an  effectual  remedy,  to  which  end  this  and  kindred 
species  are  often  useful,  as  directing  attention  to  the  state  of 
affairs,  not  only  as  regards  broad  extent  but  in  isolated  patches. 
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XIX. —  On  t/ie  different  Mechanical  Modes  of  Deepening  the  Staple 
Soil,  in  order  to  give  it  the  full  benefit  of  Atmospheric  Influence. 
By  Peter  Love,  late  of  Manor  Farm,  Naseby,  Nortbampton- 
shire. 

We  conceive  that  the  best  way  to  write  on  any  practical  sub- 
ject, is  to  follow  the  track  of  our  own  experience  upon  it  as  nearly 
as  possible,  without  taking  up  too  mnch  time  in  laying  such  ex- 
perience before  our  readers.  We  may  first  state  that  we  have 
been  extra-deep  cultivators  for  upwards  of  thirty  years,  and  our 
experience,  in  actually  carrying  out  the  plan,  has  extended  over 
England,  Scotland,  and  Ireland,  upon  many  hundred  acres  of 
which  the  soil  and  difference  of  climate  were  very  considerable. 

We  will  begin  by  speaking  of  the  effects  of  deep  ploughing  in 
autumn.  But  first  we  must  solve  the  question  what  is  deep 
ploughing  ?  We  have  always  laid  it  down  as  a  rule,  that  plough- 
ing land  one-third  deeper  than  bad  been  the  practice  of  the  former 
cultivators  is  deep  ploughing,  and  this  rule  we  act  upon  every 
time  the  land  is  in  roots,  or  fallow,  until  a  foot  is  gained  (which 
we  have  found  the  maximum  desirable)  ;  it  will  be  found  that, 
where  the  four-field  rotation  and  shallow  cultivation  is  practised 
(as  in  the  wolds  of  Yorkshire),  where  four  inches  is  the  general 
maximum  depth,  twenty  years  will  have  elapsed  by  the  time  a 
farm  has  been  got  to  the  depth  of  staple  stated.  We  are  quite 
satisfied  that  it  is  only  for  the  root,  or  fallow  crops,  and  oats, 
that  deep  ploughing  is  advantageous ;  we  have  ever  found  that 
for  wheat,  barley,  beans,  and  peas,  shallow  ploughing  produces 
both  greater  quantity  and  better  quality  of  grain.  We  have 
always  found  that  the  earlier  deep  plonghing  is  done  the  better, 
and  therefore  have  set  the  grubber  to  work  as  soon  as  the  com 
was  off  the  land  ;  indeed,  in  showery  harvests  we  have  frequently 
gone  to  work  between  the  rows  of  shocks  or  stooks,  so  that  the 
twitch  and  other  weeds  should  be  first  cleared  from  the  land, 
after  which  we  ploughed  the  land  from  nine  to  twelve  inches  deep, 
with  three  horses  going  abreast ;  four,  two-and-two  abreast ;  or  six, 
three-and-three  abreast,  with  in  every  ea^c  the  draught  equalized, 
without  which  the  deep  pkraghing  of  real  stiff  clay  is  almost 
insurmountable,  because  the  power  of  making  every  horse  draw 
exactly  the  same  is  (we  must  say),  from  long  experience,  indis- 
pensable to  the  comfortable  accomplishment  of  this  heavy  opera- 
tion, where  a  number  of  horses  most  be  employed ;  indeed  we 
often  wished  we  could  as  easily  deal  with  our  men.  Although  it 
may  almost  appear  superfluous  to  many  of  those  who  have  so 
long  seen  our  equalizing  swingletr^es  at  work,  we  will  present 
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our  readers  with  a  drawing  of  tbem  which  may  be  the  means 
of  simplifying  the  way  to  those  who  have  been  in  times  past  mere 
scratchers  rather  than  cultivators  of  the  earth.  (See  figures  and 
description  at  the  end  of  this  essay.) 

Our  system  of  ploughing  has  been  generally  much  laughed  at, 
but  we  have  found  it  the  best  for  accomplishing  the  end  we  had 
in  view,  viz.  exposing  the  greatest  surface  to  the  action  of  air, 
light,  and  frost ;  therefore  we  even  now  dare  to  put  it  forward 
in  this  essay,  for  the  consideration  of  others,  who  have  by  expe- 
rience found  the  advantages  of  exposing  the  greatest  possible 
surface  to  the  free  action  of  the  atmospheric  changes,  in  order 
to  attain  this  object,  we  have  found  it  best  to  use  a  plough,  long 
in  the  breast  of  the  tumfurrow,  or  wrest,  but  short  after  passing 
the  vertical  part,  so  that  it  may  leave  the  furrow  only  half  turned, 
that  is  standing  on  edge,  leaving  an  open  space  between  each 
furrow  slice,  equal  to  the  difference  betwixt  the  width  and  depth 
of  the  furrow.  Tliis  space  leaves  three  sides  of  the  slice  to  the 
action  of  the  weather,  while  all  the  seeds  of  weeds,  &c.,  that  have 
been  shed  on  the  surface  are  under  the  influence  of  the  air.  In 
a  warm  well-sheltered  valley,  where  vegetation  is  encouraged 
thus,  by  the  time  the  first  spring  stirring  takes  place  the  plants 
from  such  seed  have  all  vegetated  ready  for  easy  destruction; 
and  from  the  pulverizing  influence  of  atmospheric  changes,  the 
soil  is  well  prepared  to  part  with  any  root-weeds  that  may  still 
be  left  there,  and  which,  by  the  use  of  a  good  grubber  or  culti- 
vator, are  raised  to  the  surface.  The  thorough  amalgamation  of 
the  soil  takes  place  when  the  land  is  dry ;  we  might  leave  out 
this  remark  here,  as  we  believe  no  member  of  the  Royal  Agricul- 
tural Society  would  attempt  such  an  operation  while  the  land  was 
wet.  We  have  found  that,  in  the  great  majority  of  seasons,  the 
earlier  after  harvest  our  deep  ploughing  was  done  the  better, 
although  we  have  obtained  some  good  results  from  deep  plough- 
ing in  spring ;  it  is  proper  to  mention  here,  that  we  have  seldom 
successfully  cultivated  deep  for  anything  but  root-crops,  fallow, 
and  oats,  seldom,  we  may  say  never,  ploughing  a  second  time  for 
these  crops,  all  the  subsequent  amalgamation  and  pulverizing  of 
the  soil  being  done  with  the  grubber,  harrow,  and  roller ;  thus 
the  land  is  prepared  without  evaporating  the  moisture,  so  much 
required  to  hasten  the  vegetation  and  growth  of  the  seed  into  a 
well-devclopod  plant,  that  can  bear  the  tortures  of  the  fly,  &c., 
under  the  influence  of  a  scorching  sun. 

We  ought  to  state,  that  in  certain  seasons  strong  clay  is  got 
into  a  much  better  state  by  deep  ploughing  in  spring  than  ia 
autumn ;  but  as  these  seasons  have  always  been  great  exceptions 
where  we  have  lived,  we  havB  not  practised  the  system  generally^ 
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although  in  1840  we  ploughed  up  stifTclay  early  in  March,  when 
it  got  thoroughly  dried  by  sun  and  wind,  then  by  genial  showers 
got  well  damped  through,  and  while  so  was  well  worked  with  the 
grubber,  &c.,  which  got  it  into  a  much  better  state  for  a  crop 
than  by  autumn  cultivation:  the  difference  was  just  this — the 
soil  in  the  spring  cultivation  is  reduced  into  small  clods,  that  are 
not  liable  to  run  again  into  one  another  and  to  form  a  plastic 
mass  when  a  heavy  glut  of  wet  falls  ;  as  the  interstices  are  more 
permeable  to  air,  moisture,  and  heat,  the  aeration  goes  on  more 
freely,  while  the  atoms  of  soil  are  sufficiently  small  to  prevent 
drought  from  entering  injuriously ;  but  this  is  a  state  of  things 
that  can  only  be  obtained  where  the  climate  can  be  relied  upon, 
whereas  in  clay  deep-ploughed  in  autumn  all  that  is  re- 
quired is  to  guard  against  working  the  soil  while  wet  and 
leaving  a  smooth  surface :  we  therefore  never  leave  the  land  with 
either  a  harrowed  or  rolled  surface,  always  letting  the  land 
rest  after  the  grubber,  which  brings  the  clods  and  roots  to  the 
surface,  and  leaves  the  land  in  hollow  furrowed  lines  where  the 
coulters  have  passed  through  the  soil.  The  battering  effect  of 
wet  weather  is  thus  nullified  by  the  clods  and  furrowed  surface, 
while  the  furrowed  shape  of  the  surface  induces  the  bulk  of  the 
rain-water  to-  get  into  the  hollow,  where  the  coulter  has  left  an 
open  fissure,  facilitating  its  escape  into  the  subsoil,  thence  to 
the  drains  or  other  outlets,  and  preventing  the  excessive  washing 
of  the  soil. 

We  feel  it  our  duty  to  give  our  experience  of  failures  in  deep 
cultivation,  with  the  causes  thereof.  First,  we  have  never  found 
our  deep  system  wrong  upon  clay  soils ;  secondly,  we  have 
seldom  found  it  beneficial  on  sandy  soils ;  indeed,  on  real 
sandy  soils  we  do  not  hesitate  to  state  from  experience  that 
deep  cultivation  is  injurious,  but  upon  light  calcareous  saijd 
we  have  found  it  highly  beneficial — the  action  of  frost  and 
atmospheric  changes  break  up  and  reduce  the  minute  lime- 
stones, giving  the  soil  more  body  and  tenacity,  thereby  rendering 
it  fit  to  grow  heavier  crops  of  cereals.  On  all  rocky,  stony,  or 
gravelly  soils,  we  have  found  deep  cultivation  to  be  the  sound 
and  correct  system ;  but  where  deep  cultivation  has  had  the  most 
immediate  and  also  lasting  effect  is  in  soil  of  a  light  vegetable 
or  moory  nature,  provided  the  subsoil  was  anything  but  white  or 
black  sand,  and  was  ploughed  up  and  incorporated  well  with 
the  soil.  As  to  the  chalk  hills,  we  cannot  give  any  opinion  from 
actual  experience ;  but  thus  much  is  certain,  that  the  farmers 
on  the  Yorkshire  wolds  are  perhaps  the  shallowest  cultivators 
in  the  kingdom,  while,  if  we  judge  by  the  cleanliness  and 
abundance  of  their  crops,  they  are  scarcely  excelled  by  any  other 
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district  in  the  kingdom  ;  yet  we  most  own  that  during  our 
sojonm  in  that  famed  district  we  noticed  that  the  cottage  allot- 
ments were  growing  better  crops  than  the  farms,  although,  as  ig 
too  frequently  the  case,  the  allotments  were  on  the  thinnest- 
soiled  land :  the  superiority  of  the  crops  we  mainly  attribute  to 
deeper  cultivation.  We  will  just  mention  that  our  observation 
upon  allotment  cultivation  has  been,  judging  from  their  cropS| 
in  their  favour,  and  against  the  farmer's  shallow  cultivatioD, 
except  upon  sandy  soils,  where  shallow  cultivation  with  sheep- 
treading  produces  the  best  crops.  We  have  also  found  deep 
cultivation  injurious  on  fen  or  bog  soils,  where  the  plough 
brought  up  either  black  or  red  peat  or  turf,  unless  (as  was  our 
practice)  the  peat  or  turf  was  first  raked  together  and  charred, 
in  which  case  it  acted  beneficially.  We  would  caution  parties 
against  dipping  deep  at  once,  and  bringing  up  so  great  an 
addition  to  the  staple,  where  artificial  or  other  light  manure  is 
to  be  the  preparation  for  the  crop ;  but  where  a  liberal  dress- 
ing of  farmyard  manure  is  to  be  used,  there  will  be  ad- 
vantage in  going  fully  half  the  original  depth  of  cultivation 
deeper,  until  the  maximum  of  a  foot  or  whatever  is  desired  is 
obtained. 

We  will  here  give  what  we  have  found  the  quickest  and  best 
mode  of  deepening  soils,  so  as  to  obtain  depth  with  an  abundant 
supply  of  vegetable  matter,  wholly  changing  the  character  of  the 
land  in  one  season. 

After  autumn-cleaning  the  surface,  plough  double  the  depth 
the  land  has  been  previously  cultivated  (taking  a  foot  as  the 
maximum),  and  performing  the  work  as  we  have  described,  vir. 
with  the  furrow-slice  laid  over  on  edge,  laughing  at  its  cheerful 
and  healthy  position,  experiencing  the  pleasures  of  every  change 
that  takes  place  in  our  fickle  climate,  so  that  by  the  middle  of 
March  every  individual  atom  will  be  ready  for  a  general  dance, 
to  the  music  of  the  harrow,  roller,  and  grubber,  by  which  the 
high  and  low,  rich  and  poor,  atoms,  will  be  all  well  reeled  and 
mixed  together.  Half  a  busliel  of  white  mustard-seed  should 
then  be  sown  to  the  acre,  and  lightly  harrowed  in.  As  soon  as 
it  is  well  brairded,  and  on  the  point  of  going  into  rough  leaf,  let 
a  hundredweight  of  nitrate  of  so<la  be  applied  to  the  acre ;  this 
will  force  it  into  a  good  crop  a  yard  in  height  by  the  middle  or 
end  of  May  at  the  latest.  Whenever  the  first  blossoms  drop  and 
the  embryo  seed-pod  makes  its  appearance,  plough  the  whole  in  6 
inches  deep,  with  the  lime-cart  .ipplying  from  10  to  15  quarters  of 
lime  to  the  acre,  close  after  the  plough ;  the  harrow  close  after, 
followed  by  the  sowing  machine,  sowing  half  a  bushel  of  white 
mustard  per  acre,  lightly  harrowed  in,  followed  by  a  light  roller. 
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This  crop  will  grow  a  fourth  higher  and  heavier  than  the  former 
one  by  the  first  week  in  July,  when  it  will  be  fit  for  ploughing 
in  nine  inches  deep.  The  same  process  of  sowing  half  a  bushel 
of  mustard  goes  on  again,  which  will  be  fit  to  plough  in  by  the 
second  week  of  September  at  latest,  when  it  should  be  ploughed 
in  the  full  depth  that  the  land  was  ploughed  the  previous 
autumn,  and,  after  laying  a  few  weeks,  a  crop  of  wheat  may  be 
put  in,  without  the  least  doubt  about  there  being  an  abundant 
crop,  provided  that,  after  sowing,  the  press  or  clodroUer  is  used, 
and  again  in  March  and  April,  when  3  cwt.  of  salt  should  be 
applied  per  acre  :  if  the  land  is  at  all  of  a  soft  or  spongy  nature, 
let  it  be  fed  off  by  sheep  in  April  and  again  press-rolled.  In 
the  year  1843  we  put  a  piece  of  poor,  spongy,  thin  soil, 
upon  a  stiff  yellow  clay  subsoil,  through  this  ordeal  of  manage- 
ment ;  the  result  was  a  produce  of  41  bushels  of  wheat  per  acre. 
It  was  ploughed  up  after  the  wheat  was  off,  when  it  worked 
like  a  garden.  In  spring,  oats  were  sown,  which  yielded  78 
bushels  per  acre  ;  the  field  then  went  to  root-crop  and  regular 
rotation.  The  same  season  we  adopted  the  same  plan  with  an- 
other wretchedly  poor  piece  (but  naturally  good  land),  the  soil 
light  and  shallow,  upon  the  Northampton  ironstone  subsoiL 
The  soil  had  been  previously  cultivated  the  full  depth,  about 
five  inches ;  we  ploughed  it  ten,  bringing  up  the  rotten  ironstone 
which  we  had  previously  subsoiled.  We  then  put  it  through 
the  mustard  process,  as  before  stated,  after  which  it  was  sown  with 
wheat ;  then  some  turnips  were  drawn  and  thrown  over  it  for 
sheep,  which  were  kept  upon  it  until  it  began  to  braird;  the  land 
was  twice  press-rolled  in  spring  with  Crosskill's  roller,  and  salted 
with  3  cwt.  per  acre.  The  yield  from  this  piece  was  38^ 
bushels  of  wheat  per  acre.  This  was  a  piece  of  land  that  had 
been  in  tillage  from  time  immemorial.  Both  pieces  were  first 
laid  dry  by  drainage  3  J  feet  deep  in  1840 ;  both  these  pieces  of 
land  have  since  been  well  worthy  the  name  of  good  land,  and 
with  fair  management  they  will  continue  to  yield  abundant 
crops,  having  a  deep  and  fertile  staple  of  soil  to  work  upon. 

We  think  it  right  to  staUe  that  we  have  experienced  some 
very  unprofitable  results  from  sowing  wheat  upon  land  deeply 
ploughed  after  clover,  beans,  and  potatoes,  before  we  got  the 
knowledge  of  applying  Crosskill's  roller,  or  sheep-treading, 
after  sowing  and  again  in  the  spring,  and  applying  3  cwt 
of  salt  per  acre.  We  have  satisfied  ourselves  by  a  series 
of  experiments  that  extra-deep  cultivation  is  only  useful  for 
green  crops,  where  liberal  farmyard  manuring  must  be  applied 
after  each  extra  depth  is  brought  into  action.  When  the  full 
depth  desired  is  obtained,  artificial  manure  will  by  itself  grow 
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abundant  crops.  Subsoiling  we  have  practised  (with  a  varietj 
of  results)  for  the  past  thirty  years,  before^  immediately  after ,  and 
years  subsequent  to  drainage,  the  result  of  which  we  may  ^us  sum 
up.  First,  always  injurious  before  draining,  with  the  single  ex- 
ception of  the  case  where  there  is  an  impervious  floor  or  pan 
betwixt  the  soil  and  subsoil,  the  latter  being  more  or  less  porous^ 
and  giving  some  vent  for  the  escape  of  the  water.  Secondly^  we 
have  never  benefited  by  subsoiling  stiff  clay  unmixed  with  stones 
or  sandy  veins,  although  we  have  decidedly  received  damage 
by  subsoiling  clay,  but  never  from  ploughing  clay  deep.  We 
found  that  on  all  subsoils  where  there  are  considerable  quantities 
of  stone,  large  or  small,  subsoiling  was  followed  by  the  best 
results ;  on  sand  it  never  has  done  good  in  any  one  case.  We 
have  found  that,  where  subsoiling  is  done  before  drains  liave  had 
time  to  get  into  operation,  the  land  has  been  longer  before  the 
beneficial  effects  of  the  drain  have  been  brought  into  play.  Wc 
apprehend  that  the  reason  is  that  the  breaking  up  and  stirring  of 
the  subsoil  cause  the  already  imperfectly  formed  pores  to  fill  up 
by  the  first  heavy  wet,  making  the  whole  mass  settle  down  like 
a  plaster  floor ;  whereas  a  few  years  after  drainage  the  pores  get 
organised  into  regular  channels  leading  to  the  drains  through  the 
subsoil.  Wc  have  found  it  always  best  not  to  subsoil  for  at 
least  two  summers  after  draining ;  when  it  is  done,  let  it  be  for 
the  fallow  or  root  crop,  but  not  with  the  autumn  ploughing ;  in 
spring,  give  a  cross  ploughing  the  full  depth,  subsoiling  as  deep 
under  the  plough  as  you  plough  in  performing  this  operation. 
There  are  few  who  do  it  well,  as  they  allow  the  horses  to  walk 
in  the  furrow  upon  the  already  loosened  subsoil,  making  it  a 
more  compact  mass  where  the  horses  tread  than  it  was  before. 
This  we  have  for  more  than  twenty  years  avoided,  by  arranging 
the  draught  of  the  horses  drawing  the  surface-plough  so  that 
they  all  walk  on  the  unploughcd  land. 

We  give  drawings  of  our  arrangements  for  three,  four,  and  five, 
up  to  twelve  horses,  so  that  our  readers  may  be  able  to  get 
these  necessary  articles  made  before  commencing  the  operation. 

It  will  be  observed  that  in  •  all  these  arrangements  the 
chief  objects  in  view  are,  first,  that  each  horse  should  draw 
his  fair  share ;  secondly,  that  the  horses  shall  go  as  close 
together  as  is  consistent  with  free  action,  so  as  to  bring  the 
line  of  draught  as  directly  in  the  traction  line  of  the  plough  as 
possible,  thus  reducing  the  necessity  for  setting  the  coulter-edge 
off  the  land,  in  order  to  keep  the  plough  in  the  proper  path.  We 
have  found  the  three  and  five  horse  arrangements  well  adapted 
for  this  purpose,  as  they  make  the  centre  line  of  draught  about 
right  for  the  line  of  plough-traction.     For  subsoiling  the  same 
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arrangements  are  required;  therefore  we  have  generally  used 
eight  horses,  three  in  the  plough  and  five  in  the  subsoiler: 
if  the  work  is  easy,  walk  fast ;  if  hard  work,  give  more  time ; 
and  if  more  power  is  required,  use  five  horses  in  each;  the 
expense  we  have  never  found  more  than  two  conmaon  plough- 
ings  requiring  the  same  number  of  horses,  as  we  have  always 
had  from  an  acre  to  five  roods  done  per  day,  indeed  often  six 
roods. 

Our  mode  of  keeping  horses  has  been  liberal :  during  the  winter 
eight  months  two  bushels  of  good  oats,  half  a  bushel  of  beans, 
and  half  a  hundredweight  of  hay  cut  into  chaff,  with  straw 
ad  libitum,  weekly  :  and  in  summer  a  bushel  of  split  beans,  with 
as  much  green  Italian  rye-grass  and  clover  as  they  wish.  By 
looking  over  our  books,  we  find  that  the  following  is  about 
what  has  been  the  average  expense  of  ploughing  and  subsoiling 
upwards  of  five  hundred  acres  (the  plough  going  8  inches,  and 
the  subsoiler  8  inches  deep),  when  done  with  eight  horses,  three 
in  the  plough  and  five  in  the  subsoiler : — 

£.  «.   d. 

Eight  horses  a  week,  at  12s.  Qd.,  including  insurance  ..500 

Two  men,  at  14s 18    0 

Tliree  lads,  at  6s 0  18     0 

Tear  and  wear  of  ploughs,  harness,  &c 1  14    0 

Six  acres,  at  30s £9    0    0 

This  is  rather  over  than  under  the  actual  expense,  therefore  it 
is  a  safe  basis  for  calculation.  We  have  not  had  any  digging 
and  subsoiling  done  in  England,  but  have  done  a  little  by 
ploughing  and  subsoiling  with  strong  two-tine  forks,  the  plough 
drawn  by  five  horses  going  10  inches  deep,  and  the  men  going 
8  inches  into  the  subsoil  with  the  forks ;  we  found  that  it  was 
hard  work  for  twenty  men  to  keep  up  to  the  plough;  we  did 
only  two  acres  and  a  quarter  in  two  days  of  nine  hours'  work 
each,  but,  the  weather  being  fine,  we  think  that  an  acre  a-day 
would  be  a  fair  average  for  good  effectual  work  on  such  very 
strong  clay  land,  upon  a  stiff  blue  clay  subsoil.  The  expense 
stood  thus : — 

£,  8.    d. 

Five  horses,  at  2s.  Irf.    ..      ..      0  10    5 

One  ploughman,  at  2s.  4c? 0    2    4 

Two  lads,  one  leading,  the  other  driving,  at  l5. ..  0    2    0 

Twenty  men  subsoiling,  at  2s 2    0    0 

Tear  and  wear  of  tools,  plough,  and  harness       ••  0    5    8 

Making  the  total  cost  per  acre     ..      ..305 

In  the  same  field  alongside,  we  did  one  acre  the  same  depth 
with  Gray's  subsoiler,  drawn  by  five  horses ;  the  work  we  thought 
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but  little  if  at  all  inferior  to  that  done  by  the  fork ;  this  was  done 

easily  in  a  day.   The  expense  stood  thus : — 

£.  «.  d. 

Ten  horses,  at  2s.  lef. 1  0  10 

Two  men,  at  2s.  4c? 0  4    8  * 

Three  lads,  at  Is 0  3    0 

Tear  and  wear        0  6    0 

Making  a  total  cost  per  acre  of   ..      ..   1  14    6 

Proving  the  subsoiler  more  economical  by  26^.  per  acre. 

The  rest  of  the  field  we  did  not  subsoil,  but  ploughed  the  same 
depth,  except  one  ridge,  which  was  ploughed  5  inches  deep, 
being  the  full  depth  of  previous  cultivation ;  all  those  operations 
were  performed  in  the  March  of  1840.  The  whole  field  was  after- 
wards grubbed,  harrowed,  rolled,  and  ridged,  well  dunged,  and 
planted  with  potatoes,  the  ridges  crossing  the  direction  of  the 
ploughing ;  the  crop  was  four  times  horse-hoed,  and  twice 
moulded  up :  they  turned  out  an  excellent  crop,  there  being 
no  difference  worth  note  in  the  subsoiled  part,  but  the  ridge 
only  ploughed  5  inches  deep  produced  23  cwt.  less  to  the 
acre  than  the  rest,  which  was  ploughed  10  inches  deep ;  we 
sold  the  potatoes  at  home  for  2s,  a  cwt.,  so  that  the  extra  crop, 
by  deep  ploughing,  was  sold  for  46*.  an  acre,  while  the  extra 
depth  of  ploughing  cost  only  9*.,  thus  leaving  a  profit  equal  to 
rent  and  taxes.  The  whole  field  was  sown  with  wheat  in  three 
equal  parts,  one  ploughed  10  inches  deep,  another  5,  and  the 
third  ploughed  with  one-horse  ploughs  3  inches  deep  and  7 
wide;  one  half  of  this  part  had  the  seed  ploughed  in,  the 
other  half  was  drilled ;  also  one  half  of  each  of  the  other  two 
parts  was  drilled,  the  rest  sown  broadcast  and  harrowed  in.  The 
whole  was  done  with  the  soil  in  that  state  we  like  best  for 
wheat-sowing,  namely,  wet  enough  not  to  smear.  Each  was 
thrashed  separately,  giving  the  following  results :  ploughed 
in,  Sii  bushels,  weighing  62  lbs.  ;  harrowed  in  on  5-inch 
ploughing,  31  bushels ;  and  on  the  10  inches  deep  29^  bushels. 
The  three  drilled  pieces  stood  thus  : — 

Three-inch  ploughing     32  hushels. 

Five-inch  ditto        31^      „ 

Ten-inch  ditto         27        „ 

The  weight  of  straw  was  not  taken,  but  the  bulk  was  in  favour 
of  deep  ploughing ;  the  quality  of  the  grain  was  decidedly  in 
favour  of  the  shallow  ploughing.  As  far  as  the  eye  could  judge, 
the  potato  crop  had  exhausted  the  whole  benefit  of  the  manure 
on  the  part  that  had  never  been  ploughed  deep,  as  the  straw  was 
at  least  a  foot  shorter,  and  the  ears  generally  one  row  of  grain 
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shorter.  On  the  unsubsoiled  part  the  crop  was  the  most  even  and 
had  the  brightest  colour ;  the  subsoiled  part  was  weak  in  plant 
all  winter  and  spring,  and  although  it  recovered  wonderfully,  and 
looked  a  fine  crop  at  harvest,  the  straw  was  not  so  bright  nor  the 
grain  so  plump  and  good  as  the  rest;  on  the  other  parts  these  defects 
increased  with  the  depth  the  lands  were  ploughed  for  the  wheat 
crop.  The  following  autumn  we  attempted  to  plough  this  field 
a  foot  deep  for  turnips,  but  were  unable  with  five  horses  to 
accomplish  it,  because  the  clay  subsoil  that  had  been  moved 
by  former  subsoiling  was  doughy  and  adhesive  and  would  not 
clear  the  plough.  That  which  had  never  been  moved  did  clear 
the  plough  well,  and  we  could  have  accomplished  the  twelve 
inches  on  this  part,  but,  wishing  to  keep  to  our  rule  of  plough- 
ins:  across  the  line  of  the  former  deep  ploughing,  we  ploughed 
it  10  inches  deep  again.  We  tried  several  similar  experiments, 
botli  in  this  country  and  Ireland,  but  always  found  subsoiling 
clay,  if  not  injurious,  at  least  useless. 

A  field  of  light  land  (soil  made  eight  inches  deep  by  our  . 
former  ploughing),  drained  in  1840;  subsoil  Northampton- 
shire ironstone  intermixed  with  clay — we  ploughed  a  foot 
deep  in  the  autumn  of  1843,  and  subsoiled  9  inches;  the 
whole  was  grubbed  with  Smith's  grubber  8  inches  deep  in 
March,  and  again  in  April,  then  well  manured  with  40 
cubic  yards  of  green  or  long  dung,  and  planted  with  potatoes 
in  ridges  28  inches  wide,  which  were  four  times  horsehoed  10 
indies  deep,  twice  handhoed,  and  twice  moulded  up  with  a 
deep-bodied  Deanston  subsoil-plough,  having  a  pair  of  mould- 
boards  fixed  high  enough  to  allow  of  stirring  the  subsoil  10  inches 
below  the  bottom  of  the  ridge  furrow.  It  will  be  remembered 
that  this  (1844)  was  an  extraordinarily  dry  summer,  scarcely  any 
rain  falling  from  March  to  the  end  of  September ;  in  fact,  we 
noted  particularly  that  the  land  was  never  wetted  an  indi  deep 
by  rain,  from  the  planting  of  this  crop  till  October;  yet  the 
wiiole  25  acres  averiiged  over  15  tons  of  potatoes  (of  superior 
quality)  per  acre.  As  a  preparation  for  the  seed,  this  field  was  all 
ploughed  4  inches  deep,  except  one  acre  which  was  ploughed  10 
inches  :  the  whole  was  drilled  with  wheat,  which  produced  an 
immense  crop  of  straw — soft  and  laid  as  if  rolled  in  that  part 
which  was  deep-ploughed,  the  rest  only  laid  badly  in  patches. 
There  was  much  blight  in  those  parts  that  were  laid,  all  the  deep- 
ploughed  part  worse  blighted  than  any  other  of  the  laid  parts. 
We  did  not  keep  it  apart,  therefore  the  whole  was  thrashed 
to«?ether,  yielding  32  bushels  2  pecks  per  acre,  weighing  62  pounds 
a  bushel.  After  the  wheat  it  was  again  ploughed  a  foot  deep  for 
turnips,  which  were  an  excellent  crop,  above  twenty  tons  per 
acre,  followed  by  oats  that  yielded  above  nine  quarters  per  acre, 
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succeeded  by  an  excellent  crop  of  seeds.  These  are  some  of  oar 
ezperimentSy  the  whole  record  of  which  would  fill  a  book,  all 
proving  the  utility  of  deep  cultivation  for  roots  and  fallow  on 
clays  and  all  other  soils,  except  sand  and  peat  or  red  bog ;  also 
proving  that  suhsoiling  acted  beneficially  wherever  there  was  a 
mixture  of  stones  in  the  subsoil,  but  was  of  no  benefit,  if  not 
injurious,  on  clay  or  sand  subsoils.  Now,  as  to  the  best  imple- 
ment to  subsoil  efficiently  ;  we  have  never  found  anything  capable 
of  breaking  up  hard  stony  subsoil  perfectly,  except  Smith  of 
Deanston's  plough,  with  a  wheel  to  guide  the  deptb;  and 
for  ordinary  gravelly  loams,  or  gravelly  and  sandy  day,  Gray  of 
Uddingston's  subsoiler,  which  got  the  prize  at  Lincoln,  meets 
our  wants  best :  Read's  subsoiler  did  more  to  put  the  operation 
out  of  use  than  any  other  thing  we  know  of,  and  we  found  that 
by  its  use  we  sacrificed  efficiency  at  the  shrine  of  reduced  draught, 
except  in  stiff  clay  while  in  a  dry  state ;  it  makes  a  mere  rut 
in  the  middle  of  the  furrow,  leaving  at  least  two-thirds  of  the 
subsoil  unmoved,  and  jumping  over  all  the  hard  parts. 

We  have  not  trench-ploughed  any  land  in  this  countij, 
except  a  few  acres  of  old  grass,  when  first  breaking  it  up,  and  that 
was  only  ploughed  2  inches  deep  by  the  first  plough,  and  from 
5  to  6  by  the  second ;  an  acre  was  ploughed  8  inches  deep,  and 
all  the  rest  was  ploughed  5  inches,  the  whole  done  during  the 
winter  of  1841,  and,  after  applying  ten  quarters  of  lime,  sown 
with  oats  in  March  ;  in  May  3  cwt.  of  salt  was  applied  per 
acre.  Tlie  crop  was  evidently  the  best  on  the  shallow  or  5-inch 
ploughing;  and  that  on  the  part  trench-ploughed  was  not  a 
whit  better  if  as  good  as  that  ploughed  the  same  depth  at  one 
operation.  Tiie  whole  piece  yielded  above  10  quarters  per  acre. 
It  was  all  ploughed  10  inches  deep  in  autumn,  prepared  by 
grubber  in  spring,  and  planted  for  potatoes  without  manure; 
but,  after  harrowing  down  the  drills  6  quarters  of  lime  and  salt, 
which  had  lain  mixed  three  months,  were  spread  per  acre,  and 
immediately  the  drills  made  up  again  with  die  double-moulding 
plough  and  again  harrowed  down,  as  the  potatoes  were  then 
almost  througli  the  ground ;  the  whole  produced  an  average  of 
11  tons  per  acre.  There  was  no  difierence  in  favour  of,  or  against, 
the  parts  either  ploughed  deep  or  trench-ploughed  for  the  former 
crop.  The  subsoil  was  a  cold  stiff  clay  free  from  stones,  there* 
fore  we  did  not  subsoil.  This  field  was  drained  3^  feet  deep 
before  ploughing  for  the  oats. 

While  in  Ireland  we  drained  a  field  of  what  is  termed  bot- 
tom land ;  the  soil  of  which  has  the  appearance  of  being  the 
last  few  inches  of  turf  bog  left,  after  all  the  rest  had  from  age 
to  age  been  used  as  fuel.  This  field  had  about  7  inches  of 
black   bog-soil,    under   which   was   the   drift   of  the   mountain 
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limestone  mixed  with  sand.  In  July  and  August,  1832,  we 
trenched  one-fourth  of  this  by  spade  and  one-fourth  by  plough, 
14  inches  deep ;  that  trenched  by  spade  cost  4/.  35.  4rf.  an  acre, 
the  subsoil  nearly  all  requiring  to  be  worked  with  the  pickaxe, 
and  then  shovelled  over  the  top  of  the  black  soil.  The  trench- 
ploughing  was  done  with  two  ploughs,  the  first  drawn  by  two 
horses,  going  7  inches  deep  and  10  inches  wide ;  the  second 
plough  loaded  with  a  cwt.  in  the  body  of  it  to  keep  it  steady, 
and  drawn  by  four  horses  yoked  with  equalizing  swingle-trees ; 
in  fact,  it  was  here  we  were  driven  to  the  invention  of  these  in- 
dispensable appendages  to  deep  ploughing  with  high-spirited 
horses.  The  last,  or  trench- plough,  took  up  7  inches  out  of 
the  bottom  of  the  preceding  plough's  furrow  and  laid  it  on  the 
top  ;  thus  the  soil  was  completely  covered  with  subsoil,  making 
a  white  field  out  of  a  black  one.  The  rest  of  the  field  was 
ploughed  3  inches  deep  with  a  double-coulter  plough,  that  is, 
one  coulter  in  advance  of  the  regular  one,  cutting  the  furrow- 
slice  along  the  middle  about  2  inches  deep  ;  thus  each  furrow- 
slice  was  cut  longitudinally  nearly  in  two,  making  strips  4 
inches  wide,  while  the  ploughing  was  done  8  inches  wide. 
This  part  was  then  well  rolled  with  a  heavy  stone  roller  and 
left  until  November,  when  it  was  ploughed  across  11  inches 
deep  with  six  horses,  three  and  three  abreast,  the  plough 
being  loaded  with  a  cwt.  in  the  body  to  keep  it  from  rising  out 
of  the  hard  gravelly  subsoil.  The  whole  field  was  reploughed' 
across  and  well  prepared  and  sown  with  turnips,  manured  with 
20  bushels  of  bones  mixed  with  bog-mould  and  saturated  with 
dung- water  for  several  weeks  before  use.  The  crop  of  turnips, 
wliite  globe  and  red  Norfolk,  was  excellent ;  but  the  half  that 
was  first  ploughed  shallow  and  then  deep  produced  much  the 
best  crop,  and  the  crop  of  oats  afterwards  was  also  the  best ;  but 
after  being  again  ploughed  10  to  12  inches  deep,  and  subsoiled 
8  inches  under  that,  a  crop  of  swedes  grown  with  40  cubic  yards 
of  dung  was  much  the  best  on  the  half  of  the  field  that  was 
trenched  for  the  former  turnip  crop ;  though  we  could  not  see 
any  difference  in  favour  of  the  spade  over  the  trench-ploughing, 
although  the  expense  was  more  than  double.  After  the  swede 
crop  we  never  could  discern  any  difference  in  favour  of  the 
trenchings.  It  is  right  to  observe,  that,  from  the  decay  of  the 
vegetable  matter  of  the  boggy  soil  causing  it  to  subside,  every 
time  the  land  has  been  ploughed  12  inches  deep  a  little  fresh 
gravel  was  brought  up :  this  field  has  produced  crops  nearly 
equal  to  those  of  the  best  land. 

Another  field,  where  the  grass  was  of  the  very  roughest  de- 
scription and  the  bog-soil  10  inches  deep,  after  drainage  was 
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trenched  thns : — first  spltful  10  inches,  and  then  8  inches  of 
the  gravel  dug  up  and  laid  on  the  top,  in  July  and  August, 
1834,  at  a  cost  of  5/.  the  acre.  The  trench-ploughing  was  so  un- 
satisfactory, that  we  only  had  one  acre  done ;  three  acres  were 
ploughed  3  inches  deep,  and  again  12  inches  deep  in  October ; 
the  whole  was  cross-ploughed  12  inches  deep  in  March,  and  then 
prepared  for  turnips,  which  were  manured  with  bones  and  well 
and  deeply  worked.  The  part  trenched  by  spade  produced  nearlj 
double  that  of  the  part  not  trenched,  and  above  a  third  more  than 
that  trenched  by  the  plough :  the  oats  after  the  turnips  were  equallj 
in  favour  of  the  spade-trenching  against  that  plough-trenched ;  and 
the  part  not  trenched  at  all  had  a  great  bulk  of  straw,  but  the  grain 
was  deficient  in  both  quantit}'  and  quality,  shoeing  the  want  of  Ae 
gravel.  This  part  was  then  trenched  also,  and  the  rest  ploughed 
and  subsoil  ed,  after  which  it  went  into  regular  rotation  and 
cropped  well.  From  these  and  other  experiments  we  conclnded  in 
favour  of  trenching  wherever  the  depth  of  bog-earth  was  not  more 
than  8  inches  deep,  as  that  and  less  depths  could  be  ploughed  so 
as  to  bring  up  a  fair  mixture  of  subsoil  to  give  weight,  &c.,  to 
the  bog-earth.  The  subsoil ing  we  have  found  it  best  to  leave 
until  the  second  time  of  preparing  for  roots  after  drainage.  By 
subsoiling,  the  decay  of  the  bog^earth  is  hastened,  and  the  subsoil 
sweetened,  and  prepared  for  being  brought  into  action  by  future 
deep  ploughings ;  the  decomposition  of  the  bc^gy  soil  permitting 
it  to  be  gradually  reached  on  each  return  to  the  preparatory 
deep  ploughing  for  root  crops. 

In  the  summer  of  1827  we  assisted  in  the  draining  of  a  field  of 
deep  re<l  bog  that  was  not  firm  enough  for  horses  to  get  upon,  so 
that  all  the  operations  were  done  by  hand :  we  sunk  the  drains  5 
feet  deep,  going  through  the  bog  and  a  foot  into  the  sand  below. 
These  drains  had  1 8  inches  of  thorns  firmly  trampled  into  them, 
upon  which  the  surface-turf  was  laid  ;  they  were  then  filled  in  and 
well  rammed  down,  to  keep  out  the  air  as  much  as  possible.'  The 
total  expense  was  3/.  10*.  per  acre.  The  whole  field  was  trenched 
20  inches  deep,  burying  the  surface,  spongy,  mossy  soil,  and 
bringing  up  the  black,  soapy,  rotten  under-soil,  at  a  cost  of  6/,  per 
acre ;  it  was  then  covered  with  80  cubic  yards  per  acre  of  a  mix- 
ture of  red  clay  and  gravel  (provincially  termed  tilt  in  the  west 
of  Scotland)  at  a  cost  of  4tl,  per  acre.  After  this  it  was  left  until 
the  following  March,  when  50  cubic  yards  per  acre  of  coal- 
ashes  and  nightsoil,  drawn  from  Glasgow,  at  a  cost  of  10^.  an 
acre,  was  forked  in  and  well  mixed  with  the  soil  6  inches  deep,  in 
the  first  week  of  April :  the  whole  was  hand-drilled  with  Altring^ 
ham  carrots,  which  were  managed  altogether  by  band,  at  an 
expense  of  4Z.  an  acre,  including  the  digging  up.     This   wav^ 
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perhaps  the  most  successful  bit  of  sj^irited  farming  it  has  been 
our  lot  to  have  anything  to  do  with,  as  the  crop  yielded  over  31 
tons  of  carrots  the  acre,  which  were  sold  to  the  Glasgow  green- 
grocers at  an  average  of  5/.  per  ton ;  thus  leaving  a  profit  the 
first  season  of  more  than  double  the  fee-simple  of  the  land.  Half 
the  field  was  ploughed  shallow  and  sown  with  oats,  which 
grew  abundance  of  straw  but  no  grain  ;  the  other  half  was  again 
sown  with  carrots  manured  with  soot,  but  the  crop  fell  off  to 
20  tons,  and  the  price  to  755.  a  ton,  reducing  the  return  to  half. 

This  field  was  cropped  with  oats  and  carrots  alternately  until 
we  left  for  Ireland  in  1832,  and  perhaps  no  piece  of  land  ever 
made  so  much  money  as  this  did  in  return  for  high  manuring 
and  deep  cultivation,  but  of  course  the  n^ar  market  for  the  roots 
was  the  available  means  of  making  those  profits.  The  land 
which  lies  in  an  unprofitable  state  of  nature  in  the  neighbour^ 
hood  of  large  towns,  growing  a  scanty  produce  of  meadow  hay^ 
which  is  frequently  the  case  in  England,  shows  that  in  such  situa- 
tions capital  and  intelligence  are  attracted  into  other  cbannels. 

The  only  hand  cultivation  we  ever  saw  that  had  the  recom- 
mendation of  economy  on  its  side,  as  compared  with  the  plough, 
was  in  the  spring  of  1850,  when  we  were  called  upon  to  offi- 
ciate in  adjudicating  awards  for  digging  with  f(»-ks  12  inches 
deep,  which  took  place  on  Mr.  Walter's  farm  near  Greenhithe 
in  Kent,  where  the  men,  fifteen  in  number,  each  dug  in  one  day 
four  square  poles  of  strong  clay  and  nine  square  poles  of  light 
deep  soil  upon  the  chalk  formation  (but  having  several  feet  of 
drift  between  it  and  the  chalk) ;  this  they  did  in  a  most  efficient 
manner,  while  on  the  opposite  side  of  the  fence  we  saw  four 
splendid  horses  hauling  an  unwieldy  tumwreat  plough,  going 
7  inches  deep,  with  one  man  holding  and  another  driving. 
From  what  we  saw,  as  well  as  from  information,  an  acre  is  in 
that  neighbourhood  much  more  than  a  general  day'a  work 
throughout  the  season. 

Now,  if  we  take  fourteen  men  to  dig  an  acre  12  inches  deep^ 
finding  their  own  tools,  ten  could  dig  an  acre  7  inches,  which, 
at  2s.  a  day,  makes  1/.  per  acre. 

u    d. 

Now  four  horses  so  near  the  Great  Metropolis  must  cost  2a.  6d, 

a-day  each  for  keep  andiusurance,,  making        ..      ..      ••      ..  10    0 

One  man 2    6 

One  lad        *      ••      ..13' 

Tear  and  wear  of  harness  •»     ».      ..      —      ••      ..     m      ••      ••IS 

15    0  . 

We  think  there  are  few  farmera  who  woald  not  dig  a  om^ 
siderable  part  of  their  land  if  they  conld  get  it  done  at  these 
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prices,  which  we  were  told  by  these  labourers  they  would  be 
willing  to  undertake  to  do ;  the  land  dug  would  afterwards  be 
prepared  for  a  crop  for  at  least  five  shillings  per  acre  less  than 
that  after  the  plough,  at  an  equal  depth,  as  the  forks  leave  the 
soil  perfectly  free  from  any  of  that  pernicious  glazing  effect,  so 
much  admired  by  ploughmen,  but  detested  by  all  gardeners  and 
philosophical  farmers. 

Fourthly,  Is  pulverisation  sufficient  without  inversion  of  the 
8oil  ?  As  a  short  answer  to  this  question,  we  (from  some  few 
years'  experience)  say  No ;  but  to  a  considerable  extent  in  the 
operations  of  cultivation  we  say  Yes  I 

We  will  detail  our  experience  in  this  matter.  Having  in 
1840  invented  a  grubDer  (made  by  Messrs.  Smith  of  Paisley) 
with  which  we  thought  of  superseding  the  plough,  we  began 
our  experiment  upon  a  field  that  had  been  treated  as  follows  :— 
Ploughed  after  clover ;  the  soil  a  first-rate  loam,  part  upon  North- 
ampton ironstone  and  part  upon  a  yellow  clay  subsoil,  the  staple 
being  generally  from  6  to  10  inches  deep :  8  quarters  of  lime 
applied  before  and  12  after  ploughing  it  5  inches  deep ;  one  acre 
we  only  ploughed  3^  inches  deep.  The  whole  was  sown  with 
wheat  drilled  ;  during  the  spring  all  (except  the  shallow-ploughed 
part)  lost  plant  very  much,  but  we  put  the  whole  of  our  sheep 
upon  it,  giving  them  some  turnips  thrown  about,  to  induce 
them  to  run  about  and  trample  it  as  much  as  possible,  and  ap- 
plied 3  cwt.  of  salt  per  acre.  This  had  the  effect  of  establish- 
ing and  invigorating  the  plants,  causing  them  to  stool  or  tiller 
rapidly.  There  were  34  bushels  (of  62  lbs.)  per  acre  on  the 
5-inch  ploughing ;  but  37  bushels  on  the  shallow  or  3^ 
inch  ploughing.  After  autumn  scarifying  and  cleansing  the 
stubbles,  we  ploughed  two-thirds  of  the  field  12  inches  deep ; 
the  other  third  we  cultivated  with  the  grubber  to  the  same 
depth,  by  going  three  times  over  the  ground  in  difierent  direc- 
tions, thus  expending  as  much  for  grubbing  as  was  expended 
on  the  other  part  for  ploughing.  In  March,  when  the  first 
spring  grubbing  took  place,  the  ploughed  part  was  decidedly 
the  easiest  draught  for  the  six  horses  which  were  required  to  work 
it  up  to  the  full  depth ;  one  acre  of  that  previously  ploughed 
was  again  cultivated  with  the  plough  instead  of  the  grubber ;  the 
whole  was  prepared  and  sown  with  swedes,  manured  with  24 
cubic  yards  of  farmyard  dung,  long  and  unfermented,  and  16 
bushels  of  bone-dust,  mixed  with  ashes  and  wetted  with  dung- 
water  some  weeks  before  use.  The  whole  field  was  sown  upon 
the  ridge  ;  all  came  up  and  went  on  well,  except  the  acre  that  was 
three  times  spring-ploughed  instead   of  being  grubbed.     The 
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effect  of  the  ploughing  (as  usual)  was  shown,  first,  in  drying  the 
soil  too  much ;  secondly,  in  imperfect  pulverization.  To  these 
causes  we  attribute  the  irregularity  of  the  braird  of  the  swedes. 
The  whole  was  twice  horse-noed  with  a  light  shallow  paring  or 
weed-destroying  horse-hoe,  and  at  the  same  time  singled  and  hand- 
hoed.  When  the  plants  were  strong  and  about  a  foot  across  the 
foliage,  the  grubber  horse-hoe  went  through,  first  4  inches  deep, 
then  8  inches,  then  the  full  depth  of  the  worked  soil,  namely, 
one  foot ;  a  fortnight  intervening  between  each  operation.  The 
whole  was  a  first-rate  crop,  but  the  part  wholly  cultivated  by  the 
plough  rather  uneven  in  plant.  In  the  end  of  November  we 
had  four  square  poles  of  the  average  of  each  weighed,  after  clean 
topping  and  tailing :— «- 

Produce  per  Acre* 

No.  1.  By  plough  cultivation     .. ••  19^  tons. 

No.  2.  By  plough  and  grubber  cultivation        ••      •.  23)    „ 
No.  3.  By  grubber  alone 2li     „ 

The  whole  crop  was  drawn  off  and  the  field  sown,  one-half  with 
April  wheat  and  the  other  with  oats,  all  drilled  across  the  line  of 
cultivation,  after  being  prepared  in  the  following  way : — 

No.  1.  Half  ploughed  10  inches  and  the  other  half  4  inches 
deep. 

No.  2.  The  same. 

No.  3.  Half  was  grubbed  10  inches  and  the  other  half  4 
inches  deep.  The  whole  was  sown  the  last  week  of  March,  and 
was  dressed  with  3  cwt.  of  salt  per  acre  the  beginning  of  May. 
The  whole  field  was  sown  with  Italian  rye-grass  and  broad 
clover  the  last  week  of  May  and  hoed  in. 


OATa. 

Bushels  of  41  lbs. 

Whxat. 
Bashelsof  62lb8. 

No.  1,  ploughed  10  inches  deep,  produced    ..  90 
„               4           •  „             „              ..   8t> 

38 
42 

No.  2     „             10 

4 
»»               ^             » 

No.  3,  grubbed  10            „ 

..  85 

..  84 

37* 
34 

»               ^             » 

..  80 

38 

Although  the  season  was  very  dry,  the  seeds  were  an  excellent 
crop.  They  fed  off  six  ewes  with  their  lambs  per  acre  ;  two  acres 
were  mown  for  our  horses,  and  directly  after  each  mowing  it  was 
manured  at  the  rate  of  half  a  cwt.  of  nitrate  of  soda  and  one  cwt. 
of  guano  mixed  per  acre.  This  yielded  four  mowings,  keeping 
ten  horses  from  the  12th  of  May  till  the  end  of  August,  each 
horse  having  a  bushel  of  split  beans  a  week.  We  observed  that 
on  all  the  parts  deeply  cultivated  for  the  grain  crops  the  seeds 
w  ere  much  the  best,  but  we  could  discover  no  difference  for  or 
against  the  grubbed  part  No.  3.  There  being  a  capital  lot  of 
sheep  keep,  which  after  this  dry  season  was  too  valuable  to 
VOL.  XVII.  2   P 
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plough  in,  we  resolved  to  leave  the  field  for  oats,  and  in  Sep> 
tember  applied  20  cubic  yards  of  dung  per  acre,  which  gave  the 
grass  an  impulse,  and,  after  six  weeks'  rest,  it  wioteied  five  eves 
to  the  acre,  with  the  aid  of  half  a  pint  of  oats  and  a  little  chaff 
each  per  day,  from  the  Ist  of  November  till  the  last  week  of 
March,  when  the  whole  field  was  prepared  for  a  ciop  of  Hcqpe- 
toun  oats,  in  the  following  modes :  the  whole  was  drilled  the 
first  week  of  April,  the  land  being  in  a  most  favourable  state  for 
receiving  the  seed,  and  hoed  in  May,  when  3  cwt.  of  salt  was 
applied  per  acre  :— 

T    BiMtMkof4iai. 

'""""'■•"^  peracra. 

Xo.  1,  ploughed  10  inches  de^  produced      101 

»              5            „            „ ..  92 

No.  2     „            10            „            „              102 

»             5         '  „           „              93 

No.  3  was  all  Ajroad-slKvred,  harrowed,  and  rolled  while  dry, 
to  kill  the  grass ',  half  was  twice  grubbed  10  inches  deep  ; 

produced. i-    .«•    .*      ..      ..•    .*      S5 

Ditto,  5  inches  deep 72 

No.  3  was  hoed  twice,  No.  1  and  No.  2  once  ;  there  appeared 
quite  as  much  straw  per  acre  on  No.  3 ;  in  fact,  there  was  the 
same  number  of  sheaves,  but  the  straw  was  not  so  bright  and  the 
oats  were  more  chaffy  and  worse  to  thresh  :*  taking  the  whole 
together,  it  was  the  finest  field  of  oats  we  ever  saw  grown,  the 
straw  being  higher  than  a  man. 

In  September,"  1845,  the  field  was  prepared  for  wheat,  each 
part  in  the  same  way  as  for  the  oats ;  we  applied  3  cwt  of  salt 
per  acre  after  sowing,  and  3  cwt.  again  in  April  with  3  cwt.  of 
guano,  hoed  in.  We  should  mention  that  we  rolled  the  whole  well 
after  sowing  with  CrosskilFs  clodcrusher,  and  again  in  March : — 

No,  1,  ploughed  10  inches  deep,  produced  34  bushels  of  62  lbs.  per  acre. 

»>     - .      ^       •  i>  »        ^1  ft 

No.  2       „    ..    12      ...  „        32i 

»>  ^  »>  »  4ZJ  ,, 

No.  3  grubbed    12        „  „        28  „ 

it  S        »  19        30i  „ 

»  ^  l>  19  ^^  Ji 

In  No.  3  wc  found,  that,  though  all  the  conditions  of  cleanli- 
ness and  thorough  pulverization  were  complete,  the  want  of 
aeration  was  strongly  shown,  proving  that  it  is  essential,  because 
the  whole  of  this  piece,  on  close  inspection,  showed  a  great  want 
of  silica  on  the  straw ;  in  fact,  it  appeared  to  us  like  straw  grown 
upon  a  bog,  being  a  dingy  light  brown  rather  than  yellow* 
The  whole  was  much  laid,  and  the  quality  of  grain  much  inferior 
to  the  rest  The  quality  in  all  the  lots  may  safely  be  taken  as 
declining  equally  with  the  quantities,  for  the  bulk  of  straw  was 
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generally  in  an  inverse  ratio  to  the  quantity  of  grain.  This  whole 
field  was  peculiar  for  the  manner  in  which  it  showed  the  effects 
of  deeply  preparing  the  soil  for  wheat  in  the  following  ways  : — 

1st.  Greater  bulk  of  straw  of  a  soft  description,  much  laid,  in 
fact  laid  in  proportion  to  the  depth  of  cultivation. 

2ndly.  Later  ripe,  also  in  proportion  to  depth. 

3rdly.  More  chaffy,  which  gave  the  ears  an  imposing  appear* 
ance  in  size.  The  brightness  and  stiffiiess  of  wheat-straw  we 
have  for  many  years  observed  to  increase  with  the  shallowness  of 
the  preparations  for  it ;  at  least  it  has  been  so  in  our  case,  where 
the  land  has  a  staple  either  naturally  deep,  or  made  and  kept  so 
by  deep  and  effectual  fallowing  for  roots,  &c. 

After  this  we  were  satisfied  that  exposing  the  soil  to  the  action 
of  the  air  has  indisputably  a  beneficial  effect,  especially  if 
the  land  is  thoroughly  and  deeply  ploughed  in  the  autumn  in 
such  a  way  as  to  expose  the  greatest  surface  and  body  of  earth 
to  the  influence  of  the  weather  during  the  winter.  Our  ex« 
perience  satisfied  us  that  no  more  ploughing  is  required  in  pre* 
paring  land  for  roots,  &c.,  unless  some  otb^  object  is  in  view 
besides  the  pulverization  of  the  soil,  such,  for  instance,  as  the 
ploughing  in  of  manure,  &c. 

We  will  now  describe  the  way  in  which  we  b^an  a  new 
system  of  deepening  strong  clay  land,  at  the  same  time  dianging 
it  into  a  loam  and  good  turnip  soil. 

The  plan  is,  after  autumn  cleaning  the  stubbles,  to  plough  the 
land  the  same  depth  as  the  good  earth ;  in  April  harrow  it  well^ 
then  plough  2  inches  deeper  than  the  former  ploughing,  turning 
the  furrow  completely  over,  and  laying  the  sul»oiI  on  the  top  ;  or 
with  the  trench-plough  bringing  up  2  iaches  of  day  to  the  top. 
When  this  clay  becomes  partially  dry,  harrow  across  2  or  3  times 
with  a  set  of  Howard's  or  Williams's  heavy-land  harrows ;  take  a 
stron^r  horse-rake  and  collect  all  the  clods  into  rows ;  then  light 
fires  22  yards  apart,  usiog  a  good  thorn  fa^ot  to  kindle  each 
heap,  adding  clods  and  finely  broken  coal  or  coaldast  in  alternate 
layers  as  the  heaps  bum  up.  Thus  there  will  be  10  heaps  to  the 
acre,  containing  about  16  cubic  yards  of  burnt  claj  each,  which 
will  cost  for  collecting  out  of  the  rc^ws  left  by  the  hone-rake ; 
7jur id fiff  {including  coal  at  10^.  a  ton) ;  and  then  spreadinffyfram  6Qi. 
to  SOs.  an  acre,  accordingly  as  the  weather  is  wet  or  dry ;  the  ope- 
ration in  fine  weather  takes  about  a  fortnight.  After  the  heaps 
have  burnt  4  or  5  days,  they  will  not  be  put  out  by  a  Sail  of  2 
inches  of  rain,  which  is  the  full  average  monthly  fall.  The  hands 
required  are  3  men  to  2  acres.  After  spreading  the  ashes,  which 
should  be  done  by  the  1  st  of  June,  plough  them  in  half  the  depth 
of  the  former  ploughing,  and  sow  half  a  bushel  of  white  mustard  to 
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the  acre:  this  will  be  ready  to  plough  down  in  7  weeks  after  sowing, 
and  should  be  ploughed  in  2  inches  deeper  than  the  former  trench 
or  deep  ploughing,  again  bringing  up  2  inches  of  clay,  which 
should  be  prepared  and  burned  in  the  same  way ;  then  ploughed, 
or,  better  still,  well  grubbed,  and  stirred  up  4  inches  deep,  when 
wheat  may  be  drilled  without  fear  of  the  result.  We  must  admit 
that  our  experience  has  not  been  great  in  this  system,  but  from 
what  we  have  done  we  feel  justified  in  urging  it  upon  the  ownen 
and  occupiers  of  well-drained  clay  soils. 

We  have  given  all  the  information  it  is  in  our  power  to  give,  as 
far  as  we  can  deduce  it  from  our  humble  researches  after  sound 
practical  principles  in  connexion  with  the  cultivation  of  the  soil, 
and  we  may  sum  up  in  the  following  order : — 

First,  as'  to  the  safest,  and  therefore  the  best,  way  of  deepen- 
ing the  staple.  On  soils  having  stony,  gravelly,  or  calcareous 
subsoils,  it  is  best  to  stir  the  subsoil  with  the  subsoil-plough 
previously  to  bringing  it  up  to  mix  with  the  staple,  and  this 
should  not  be  done  for  at  least  two  years  after  drainage.  All 
sandy  soils  where  there  is  less  clay  in  the  subsoil  than  in  the  soil 
should  not  be  cultivated  deep,  as  we  should  only  hasten  the 
escape  of  the  clay,  which  is  our  best  friend.  We  may  remark 
here,  that  we  have  derived  immense  advantage  from  mixing  one 
cubic  yard  of  clay  to  six  of  the  farmyard  dung  intended  for 
sandy  soils. 

On  bog  or  peat  where  the  under  peat  is  red  and  spongy,  it  is 
positively  injurious  to  plough  deep,  though  it  might  be  bene- 
ficial to  subsoil  it  to  encourage  decomposition.  We  know  it  to 
be  very  beneficial  to  plough  the  under  strata  up  in  dry  weather 
and  char  it,  and  thus  deepen  the  staple. 

We  think  that  what  we  have  advanced  will  go  far  to  show 
that  the  best  way  of  deepening  the  staple  is  to  increase  the 
depth  of  cultivation,  whether  by  the  fork,  spade,  or  plough, 
early  in  autumriy  adding  not  more  than  one-fourth  additional 
depth  to  your  staple,  and  that  only  before  a  well-manured  greenr 
crop,  unless  the  mustard  course  of  preparation  is  preferred ;  as 
we  feel  assured  that  a  due  admixture  of  vegetable  matter  is  re- 
cjuired  to  complete  the  functions  of  the  laboratory  of  nature, 
and  supply  the  various  crops  with  their  food  properly  pr^ 
pared.  It  will  be  found  in  the  foregoing  remarks  that  our 
answers  to  the  four  heads  or  divisions  of  this  subject  are  as 
follows : — 

1st.  Deep  ploughing,  comparative  eflfect  of,  at  spring-time  and 
autumn. 

Is  decidedly  the  best  performed  in  autumn,  to  secure  the  rub 
of  the  winter's  weather. 
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2n(ll]r.  Subsoil -ploaghing,  especiallj  upon  lancb  recendy 
drained. 

Our  experience  is  against  performing  this  operaticMi  for  at 
least  two  years  after  drainage,  and  shows  that  it  u  injurioiui  on 
all  unmixed  clay  or  sand  snbsoils, 

Srdly.  Trench-ploughing,  forking,  digging,  fta 

On  this  subject  we  are  conyinced  that  there  is  no  pmdence  ifk 
burying  a  better  soil  than  we  bring  up,  unless  futi  ertraordinaiy 
quantity  of  rich  manure  is  to  be  apj^ied  to  compound  a  good 
soil  out  of  it ;  but,  as  we  have  shown,  when  the  soil  is  light  and 
spongy  and  the  under  strata  of  a  heavier  description,  then 
trenching  is  at  once  adding  fertility  to  the  soil,  as  in  the  cases  of 
bog  upon  any  earth  or  decomiKMed  rock,  or  sand  upon  day, 
or  even  clay  on  sand,  or  where  the  subsoil  contains  lime :  in  such 
cases  trenching  is  beneficial  to  the  fiurmer* 

4thly.  Is  pulverization  sufficient  without  invenion  of  the  soil  ? 

To  this  our  experience  sajrs  No ;  but  it  says  that  pulverization 
is  sufficient  with  occasions!  inversion — that  is,  once  for  eich' 
crop.  .  ^ 

Here  we  have  spun  our  yam,  and  hope  tibat  others,  as  well  as 
ourselves,  may  be  able  to  deepen  the  staple  of  our  cnltivated  acres, 
so  as  to  yield  greater  abnnoanoe  of  fas«ad  and  jmeat,  and  thus 
render  our  posterity  less  dependent  upon  other  natiims  for  the 
necessaries  of  life  than  we  now  find  ourselves* 


Description  of  Draught-equaiiiing  BwingU4rmi^  qm  repreMmUd  in  iha  Drawingt 

Figure  1  represents  a  full  set  of  dnoi^t-eqiialisisg  swfiu^tnes  ftr  sillier 
three  horses  abreast,  or  six  three-and-thiee  abreast ;  the  e^ualusers  A  A  .dividiDg 
the  strain  upon  the  diaught-obain  H  into  tliiee  equsl  vub^  to  esoh  of  wM£ 
the  swingle-trees  B  B  B  axe  sttaobsd,  filming  a  oompiel^  ssl  Af  three  hofses 
abreast  as  shown  by  the  Nos.  1,  2,  8. 

Figure  2  represents  a  set  of  equalishig  swisgle-lnes  for  any  mnnber  of 
horses  from  two  to  six.  The  figure  represents  the  anaiigemeni  for  five  iKnse% 
three  in  the  furrow  and  two  on  the  land,  as  shown  by  the  JTos.  .1,  2, 8,  4,  6. 

When  six  horses  are  to  be  used  fai  three  pain,  ttpp  aliteast,  add  anollMrpidr 
of  fore-horse  equalisers,  d^  befine  hoise  1^  2,  to  ^^Iddiydn  ffaa  sizUi  born ; 
at  the  same  time  alter  the  ohain  F  into  the  oentn  hole  of  iJia  eqaaliseiB  C, 
also  shifting  the  two  end  attachments  of  the  mastoMme  0  to  the  hotos  of  the 
equalisers  £  E  nearest  the  end,  wfaiqh  oonqiletas  theanangHiMnt  ibr  dx. 
Worses  two-and-two  abreast. 

When  four  horses  are  to  be  used,  to  altar  the  ammgenMUfc  from  six  to  fimr,' 
either  detach  the  chain  F  from  the  eamdissr  0,  snd  attach  the  imj^aniMit  or 
draught-chain  to'  C,  taking  away  the  ttst  two  h(»rses. 

Another  way  is  by  detaching  the  two  fbce  horsea  uilii  tfaslr  <!«ftlriW^  fX 
the  same  time  changmg  the  ends  of  the  master-trae  0  liitD  the  eentrehoCs  of. 
the  equalisers  £  £. 

When  three  horses  ore  used,  then  use  the  Ibmpart  of  tho  set  lepmsented  in 
the  figure,  attaching  the  inurement  or  dnni^t-chun  to  the  eapuXmst  0^  tiUng 
away  the  last  two  horses  Nos.  4  and  0. 

When  two  horses  are  to  be  used,  tiien  detach  the  fore  horse  Ka  1  irith  bis' 
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tacklinf]^,  and  attach  the  implement  or  draught-chain  to  the  oeutn  hde  of  the 
equaliser  C,  thus  making  a  complete  set  of  common  two-hone  swingle-trees. 
We  may  mention  tliat  we  have  used  blocks  and  pulleys  in  place  of  ibo  aida 
ci}ualisers  d  d,  but  found  the  tear  and  wear  very  great,  althon^  they  oertainlj. 
work  beautifully. 

Figure  3  is  a  Samson-equaliser,  for  connecting  both  of  these  arrancemeiitB  SQ 
as  to  equalise  the  draught  of  seven,  eight,  nine,  ten,  eleven,  or  twelve  hones, 
where  herculean  work  is  to  be  done.  These  arrangements  are  accomplished 
thus :  the  Samson-treo  is  attached  to  the  implement,  and  the  end  H  to  uesiz- 
horse  s(!t  of  trees ;  then  to  tlic  end  marked  I  the  long  chain  or  wire-rope  K  v^ 
attached,  which  passes  up  between  the  middle  horses  and  those  in  the  fonow : 
to  the  end  of  this  chain  or  ro|)e  in  front  of  the  six  horses  attach  Figure  2  set 
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of  equalisers,  arranged  so  as  to  work  any  required  number  of  Lorses^  which 
will,  when  added  to  the  six,  make  the  number  you  desire  to  use,  shifting 
tlie  i^in  that  connects  the  implement  to  the  Samson  into  the  hole  that  is 
marked  with  the  numlier  of  horses  yon  are  about  to  use,  and  all  will  be  right. 
For  seven  horses  use  three  abreast  behind,  and  four  two-and-two  abreast  in 
advance,  with  the  Samson  arranged  for  seven  horses. 

These  arrangements  are  so  simple,  that  by  any  ordinary  capacity  they  will, 
on  a  little  insix.'ction,  be  quite  clearly  imderstood, 

February  25,  1866. 


XX. — Report  on  the  Exhibition  of  Sheep  and  Pigs  at  tlie 
Clielmsford  Meeting  oftlie  Society^  1856. 

[In  consequence  of  the  lamented  death  of  Mr.  Woodward,  Senior  Steward 
of  this  department,  the  Report  on  the  Exhibition  of  Live  Stock  at  Chelmsford 
is  confined  to  tlie  few  following  remarks,  oommunioated  by  Sir  Stafford  North- 
cote,  Dart.,  M.P.— Ed.] 

Leicester  Sheep. — The  number  exhibited  was  considerably  less 
than  last  year.  In  Class  I.  (shearling  rams)  there  were  only  34 
animals  shown,  as  against  66  last  year.  In  Class  2  (rams  of  any 
other  age)  23  against  39  last  year.  In  Class  3  (pens  of  five 
shearling  ewes)  only  3  pens  against  14  pens  last  year.  The 
quality  of  the  animals  exhibited  was  hardly  equal  to  that  of  those 
shown  at  Carlisle ;  this  was. particularly  the  case  with  the  ewes. 

Short'icooUed  Sheep, — The  show  was  good,  and  the  numbers 
greater  than  last  year.  In  Class  1,  58  shearling  rams  were  exhi- 
bited against  36  last  year.  In  Class  2,  40  rams  of  other  ages 
against  18  last  year.  In  Class  3  there  were  15  pens  of  ewes 
against  5  pens  last  year.  Some  fine  animals  were  exhibited,  and 
Lord  Walsingham*s  stock  attracted  special  admiration. 

Long-woolled  Sheep. — There  was  little  in  this  department  that 
called  for  remark.  The  numbers  were,  in  Class  1,  21  shearling 
rams  against  36  last  year;  in  Class  2,  19  rams  of  other  ages 
against  18  last  year;  and  in  Class  3,  12  pens  of  ewes  against  9 
last  year. 

Pigs. — The  show  of  pigs  was  good,  especially  of  the  small 
breed.  The  total  number  of  entries  in  all  classes  was  111  as 
against  80  last  year.  In  Class  4  (breeding  sows  of  a  small  breed) 
the  judges  expressed  their  regret  that  there  was  not  a  second 
prize,  as  they  would  gladly  have  awarded  it  to  No.  621,  a  sow 
belonging  to  Mr.  G.  Mangles,  of  Givendale,  near  Ripon. 

It  was  satisfactory  to  find  that  the  number  of  animals  above 
the  age  stated  in  the  certificates  was  very  small.  The  precau- 
tions taken  at  Carlisle  appear  to  have  checked  an  abuse  in  this 
respect,  which  at  one  time  threatened  to  be  very  serious. 


(    564    ) 

XXI. — Report  on  tlie  Exhibition  and  Trial  of  Implements  at  the 
Chelmsford  Meeting.     By  William  G.  Cavendish. 

Sir, — In  forwarding  the  Reports  of  the  different  judges  of  imple- 
ments at  the  late  Chelmsford  meeting,  I  observe  with  pleasure 
the  continued  increase  of  the  number  of  exhibitors  and  of  articles 
exhibited.  The  show  at  Chelmsford  far  exceeded  in  this  respect 
all  previous  ones.  Owing  to  the  new  classification  of  the  im- 
plements, first  adopted  at  this  meeting,  there  was  of  course  very 
much  more  time  and  attention  given  to  the  class  under  trial,  viz. 
those  implements  used  in  preparing  the  land  for  seed.  The 
strong-land  field  was  so  extremely  hard  that  four  horses  could 
hardly  do  the  work  required  in  ploughing.  The  same  was  the 
case  with  the  scarifiers ;  some  of  them  were  utterly  useless  on 
land  in  that  condition,  but  had  the  land  been  left  till  after  rain 
they  would  have  worked  with  ease  and  e£Bciency.  Mr.  Boydell 
again  exhibited  his  engine,  drawing  with  ease  any  implements 
that  were  attached  to  it ;  and  it  still  remains  to  be  proved  if  it 
will  ever  be  found  serviceable  in  agriculture.  Fowler*s  stft* 
tionary  plough,  working  by  means  of  a  wire  rope,  had  never 
before  been  shown  at  any  of  the  meetings  of  the  Royal  AgricolT 
tural  Society ;  it  did  its  work  very  well  as  far  as  could  be  ascer- 
tained, but  there  were  so  many  people  anxious  to  see  it  that  it  was 
found  impossible  to  work  it  properly  in  such  a  crowd,  therefore  it 
was  sent  with  the  reapers  to  the  adjourned  trials  at  Boxted  Lodge. 

The  ploughs  in  the  light  land  did  their  work  in  such  perfection 
that  it  was  with  the  greatest  difficulty  that  the  best  could  be  se* 
lected  by  the  judges  appointed  for  that  trial. 

The  adjourned  trials  of  the  reaping  machines,  and  of  Mr. 
Fowler's  steam  cultivator,  took  place  on  the  13th  and  14th  of 
August  at  Boxted  Lodge,  near  Colchester,  the  residence  of  Mr. 
W.  Fisher  Hobbs,  under  the  direction  of  Sir  A.  K.  Macdonald, 
one  of  the  stewards  of  implements,  who  informs  me  that  the 
Royal  Agricultural  Society,  and  all  those  engaged  in  the  trials, 
were  under  great  obligation  to  Mr.  Hobbs,  not  only  for  his  kind 
hospitality,  but  for  the  liberal  manner  in  which  he  placed  his 
men,  his  liorses,  and  bis  crops,  entirely  at  the  disposal  of  the 
Society,  and  for  the  facilities  which  he  afforded  for  carrying  out 
the  trials  most  efficiently.  The  very  able  and  detailed  Report  of 
the  judges  on  these  adjourned  trials  will  be  found  highly  inte- 

^^s^^'^^-  William  G.  Cavendish. 


ITie  general  assortment  of  field  implements  submitted  for  trial  at  the 
Chelmsford  Meeting  of  the  Royal  AOTicultnral  Society,  did  not  exhibit  any 
novelty  in  principle  ;  but  there  was  throughout  the  whole  great  ImprovemeDt 
in  the  details,  and  in  workmanship.  The  trials  were  more  severe  than  usual, 
particularly  on  the  heavy  land,  which  aftbrdod  an  opportunity  of  testing  the 
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igth  and  quality  of  the  impleinentB  on  the  itaUnm  days  of  Ebbox,  pro- 
dal  for  their  teDadty  at  one  time,  and  haid  baking  omUitiee  wImd  expand 
tie  summer  heats.  Such  was  the  case  with  the  Inio  when  the  trials  took 
e.  It  was  baked  to  a  brick-like  hardness ;  so  much  so  tiuit  In  oidinary 
ations  the  farmer  would  wait  a  more  oontenient  season,  and  nn^  raJn^ 
so  softened  the  clods  as  to  make  them  permMble  to  ^  action  ci  thtf 
ow,  and  the  other  implements  that  would  follow.  . 

he  recent  change  in  the  mode  of  awarding  the  Sodety's  |»riies»  whidli  had 
pied  the  attention  of  the  Council  for  some  thne,  gave  a  disczetion  to  the 
^  that  required  great  care,  so  that  the  comparative  merit  <tf  the  mmective 
lements  might  be  arrived  at.  This,  it  may  be  hoped,  hat  been  done  in 
3  degree.  The  Judges,  being  fully  aware  of  the  ]mp(»rtanoe  of  their 
sions  to  the  public,  as  well  as  to  the  exhibitofa,  have  endeavoured  to 
best  of  their  judgment  to  award  to  eadi  hnplement  on  trial  its  due  allow- 
I  of  merit,  as  well  as  to  point  oat  sudi  miprovements  in  the  working 
lis  as  will,  if  carried  out,  be  of  advantage  to  both  buyers  and  sellers.  In 
ing  the  awards,  the  Judges  have  been  ouefal  to  observe  the  instrpotioiis 
n  them,  **  of  taking  into  conddeiation  the  selling  price  of  the  implemeiitfli'* 
g  fully  aware  that  complication  adds  to  expenoei  while  aimpudty  i^ves 
.pness  and  effect  in  the  field. 

be  first  implements  submitted  for  trial  were  the  light-land  harrows,  in» 
ed  for  covering  or  preparing  the  land  for  aeed-ooni,  or  used  in  fallowhig 
b  land  for  roots,  &c.  These  were  really  useful  pahyhone  harrows ;  and 
subjoin  below  our  awards,  as  well  as  some  extracts  jfrom  our  note-bodk,' 
;h  we  hope  will  be  reoeived  in  good  fkith,  and  lead  to  further  improvements. 

LioBEr-L4in>  Habbows. 
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Howard. 


W.Williams. 


£.H.Bentall. 
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For  their  modertte  price,  their  peculiar  idg-' 
sag  wPBkf  beu^  Jointed  so  is  to  suit  round 
stelehes,  or  flat  lands ;  a  sinqple  eoatrira&ee 
of  hoop-iron  under  the  inut  kspt  it  in  plaee. 
The  harrows  oovwed  their  flmmd  weU,  ent 
deeply,  and  mig^t  be  woriked  either  way. 

For  sunilsr  form  and  very  good  woriooandiipj 
teeth  well  arranged ;  moderate  price,  and 
worked  weU;  siimlar  to  Howard's,  but  had 
no  Joint. 

Very  stnog;  made  of  ddolisaatfe  broil  j  th» 
imt  h«^iiiff  the  teeth  keked  on  by  a  rivet  I 
wafted  w^  with  an|^  hoois  only  $  double 
hooks  geneially  to  be  ptefttied* 

These  finrrcma.  vcm .  made  with  easlr  mstal^ 
teeth,  ihstaned  by  a  Iny  hi  awrai|^iron 
socket|  which  forms  the  rivet  holding  toge- 
tiier  the  Drsmei  4ie  tseth  dilDed  ^  hmk 
aadftmCrSoastowearshai^  Owingtaan 
lOTidtfttal  eiieimstanee^  tha  laiysr  set  ttf 
hamws  wwe  not  tried  on  Mvy  land,  which 
wooldhave  severely  tested  theeastmetalteeth, 
end  proted  whedMr they  would,  or  not,give 
way  Dsfoie  the  briek-lifie  dods  hi  the  StUu 
TUs  iqppeaia  to  be  the  ^pestioB.  Prodnetloa 
is  cheapened' ly  introducing  eest  metal  into 
hanaw4eeth,  and  time  wiuprove  their  use- 
ftilMV  or  otiberwiw.  Under  ^ese  eiievm* 
stanees  the  Judges  folt  it  their  duty  to  give 
their  lughest< 
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Prizf  s  and 
Award". 


Stand. 


Art 


Ezhlbitora' 
Name. 


Bemaiki. 


£.  5.  d. 
Com- 
mended. 


37 


47 


Messrs. 
Ransome 
and  Sims. 


Silver 
medal. 


97 


13 


Messrs. 

Phillips 

and  WoKxis. 


The  harrows  in  this  class,  made  hj  tlie  firmof 
Bansome  and  Sims,  were  of  similar  form  to 
Howard's  and  Williams*s,and  of  superior  work- 
manship,  having  a  diagonal  brace  with  col- 
lared nuts  to  prevent  the  teeth  getting  loose. 
They  were,  however,  defective  in  euuMttuC' 
tion,  beine  too  short,  which,  like  a  short 
boat  on  the  waters,  canaed  them  to  piteh, 
and  not  work  steadily.  These  hurowt 
would  be  improved  by  bending  downwarii 
the  draught  hooks  to  oonnterbalanoe  thft 
weight  of  the  whippletrees. 

Poppu  extirpator, — ^tFseful  for  destr^rinf  small 
weeds  in  their  embryo  state  (v.  (jatalogae); 
and  it  may  with  advantage  be  employed  to 
harrow  clover-seeds  after  a  fkllow  crop. 


GEtnCRAXi-PURFOSE  HaKROWB. 


3     0     0 

103 

5 

3     0     0 

132 

20 

2    0     0 

37 

45 

Com- 
mended. 

76 

4 

W.  Williams. 


Messrs. 
Howard. 

Messrs. 
Ransome 
and  Sims. 

James 
Comins. 


These  harrows  were  nmilar  in  oonstmctioii  to 
the  lighter  ones  tried  as  seed-harrows  (No.  S) ; 
workmanship  good,  and  covered  the  huid 
well;  price  m^erate.  They  are  fuUy  en- 
titled to  a  high  position. 

Equally  good  as  No.  22,  and  on  a  similar  eon- 
struction  without  the  joint;  the  teeth  wdl 
arranged ;  price  moderate. 

These  harrows  covered  the  land  wdl,  and, 
being  longer,  worked  steadily.  The  same 
observations  apply  as  are  given  to  No.  47, 
with  a  moderate  price. 

The  harrows  were  well  adapted  for  field-work 
(except  being  somewhat  too  shorty  and  are 
generally  usefuL    Price  moderate. 


Heavy  or  Drag  Harrows. 


3    0     0 

132 

28 

2     0     0 

103 

7 

Highly 
com- 
mended. 

37 

45 

Ditto. 

78 

42 

Favour- 
able 
mention. 

•• 

Messrs. 
Howard. 


W.  Williams. 


Messrs. 
Ransome 
and  Sims. 


E.  H.  BentalL 


Coleman. 


Similar  in  manufacture  to  No.  20,  ha^g  the 
advantage  of  double  draught-hooks;  teeth 
well  arranged;  covering  the  ground  well. 
Price  moderate. 

Very  useful  pmr-horse  harrows ;  woriLed  and 
covered  the  land  well;  wanted  an  amuige- 
ment  to  prevent  the  nuts  shaking  loose. 

Good  and  useful  harrows,  with  collared  nuts ; 
the  workmanship  and  teeth  arrangements 
very  good.  These  harrows  received  a  pre- 
mium as  general-purpose  harrows.  The 
draught-hooks  require  bending  downwards. 

Good  and  useful  harrows,  nuide  of  double 
angle-iron ;  nuts  secured  by  rivets ;  having 
great  strength ;  price  in  their  favour,  but 
wanting  the  advantage  of  double  draught- 
books. 

Expanding  harrows:  a  uscfol  harrow,  in- 
tended for  wide  or  narrow  stetches. 
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Prizes  and 
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Exhibitor's 
Name. 


£.    6\    d. 


3     0     0        78 


3     0     0 


83 


10  £.H.BentalL 


R.  Coleman. 


2     0     0 


37 


36 


Very       HI 
highly 
com- 
ineDiied. 


Highly 
com- 
mended. 


8 


I 


3     0     0  1     83 


Messrs. 
Bansome 
and  Sims. 


H.  Carson. 


A.Cn)6skiU. 


Bemarka. 


Ob«. — In  conthmlng  onr  remarks  on  field  im* 
plements,  it  may  be  well  to  observe  that 
many  of  them  have  been  constracted  to  ac- 
commodate stetches  into  which  both  heavy 
and  light  land  is  frequently  thrown.  Such 
is  the  ease  with  Coleman's  expanding  harrow^ 
and  other  kinds  of  jointed  harrows  tried  in 
the  field.  We  are  not,  it  may  be  hoped, 
going  beyond  the  bounds  of  our  jurisdiction, 
when  we  state  the  probability  of  stetches 
disappearing  before  improved  implements 
and  improved  husbandry.  Hence,  it  may  not 
be  necessary  to  make  provision  for  this  kind 
of  hmd  by  manufacturing  implements  ex- 
pressly for  the  purpose. — The  word  cultivator 
implies  a  ^ueral  field  implement,  and  may 
be  divided  into  classes  for  surface  and  deeper 
cultivation. 

This  implement  was  exhibited  in  several 
classes,  and  performed  well  in  each.  The 
test  was  most  severe  both  on  light  and  heavy 
land,  and  it  sustained  its  reputation  as  a 
general-purpose  cultivator,  while  the  price  is 
very  moderate. 

This  useful  implement  was  placed  in  compe- 
tition with  the  above  (Stand  78,  Art  10), 
and  fully  deserves  being  placed  in  the  same 
rank.  It  is  easily  taken  out  of  the  ground 
while  turning,  and  in  this  respect  may  be 
considered  superior  to  its  rival,  and  it  also 
breaks  and  more  fully  pulverises  the  soil, 
while  it  is  larger  and  more  expensive. 

A  very  good  implement,  and  worked  steadily 
and  well  through  the  clods.  It  is  on  a 
larger  scale  than  others ;  the  workmanshij^ 
and  the  general  arrangement  in  the  details, 
of  a  superior  class. 

For  its  useful  adaptation  to  heavy  land  as  a 
drag  and  paring  implement.  The  wheeft 
are  well  arranged,  ana  the  iron  lever  greatly 
fiftcilitates  its  turning  at  the  head-lands  and 
in  travelling. 

The  Daeie  drag,  an  implement  of  great  power, 
and  steadiness  in  working  heavy  land.  The 
arrangement  for  raising  and  lowering  it  is 
Tery  simple,  whether  for  tiavel  or  tor  ad- 
justing the  different  workisg  depths  as  a 
stabt£-parer. 


Cui.TnrAT0B8  ON  LioHT  Land. 
R.  Coleman. 


This  implement  worked  well  under  all  the 
difficulties  of  a  dry  and  parched  surfuse,  not 
only  as  a  deep  cultivator,  but  as  a  scarifier. 
It  IS  inexpensive,  and  a  very  useful  imple- 
meoty  moving  and  pulverizing  the  soil. 


$68        Report  on  the  Exhibition  and  Trial  of  Implements 


CULTIVATORfl  ON  LlOHT  JjioxD—contwued, 


Frizes  and 
Awards. 


Stand. 


Art. 


Exhibitor's 
Name. 


Bemarks. 


£.   8.    d, 

3     0     0 


10    0 


Com- 
mended. 


78 

97 
37 


10 


59 
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Messrs* 

Phillips 

and  Wood. 

Messrs. 

Ransome 

and  Sims. 


I 


3     0    0 

83 

6 

2     0    0 

78 

10 

Com- 
mended. 

124 

2 

Favour- 
able 
mention. 

76 

1 

ii    0    0       78 


4    0    0 


4    0    0 


131 


110 


S3 


E.  H.  Bentall.  This  implement  was  tried  in  the  chm  of  heavy- 
land  cultivators,  and  proved  itself  a  most 
useful  implement  as  a  drag  and  scarifier  on 
light  land,  at  a  moderate  price.    It  takes  a 
larger  breadth  than  Coleman's,  and  dees  not 
consequently  so  thoroughly  pulverise  the  soil. 
A  Finlajson  drag,  or  himruw ;  a  most  effident 
tool  on  fallow  lands ;  worked  well,  but  not 
intended  for  a  scarifier  in  the  present  form. 
A  most  useful  implement  for  small  holdings, 
with  a  moderate  price;  the  tines  covered 
the  land,  and  it  worked  well. 
Obs. — ^The  trial  of  paring  implements  was 
very  imperfect,  owing  to  the  hard  and  impe- 
netrable nature  of  the  soil.    It  will  be  well 
to  state  that,  if  any  implement  could  bear  the 
I    test  of  the  Chelmsford  trial  on  the  notable 
I    clays  of  Essex,  it  need  not  be  aftiid  of  ih» 
I    soil  of  any  county  in  Great  Britain, 

Scarifier  ob  Paber. 
B.  Coleman,  i  The  same  implement  tried  as  a  cnltivrntor  on 

'    li^ht  land,  to  which  we  refer. 
E.  H.  BentalL  This  implement  tried  as  a  cultivator  on  li^t 
land,  and,  as  before  stated,  proved  wdl  in  all 
the  different  states  of  trial  to  which  it  was 
submitted. 
This  implement  received  a  commendation.    It 
is  useful  as  a  stubble-parer ;   cuts  all  the 
^und  well;   not  expensive;   it  would  be 
improved  if  some  arrangement  were  made  to 
cause  the  cut  surface  to  lie  hollow,  and  thus 
DRY  better  in  the  autumn. 
A  paring  plough  (Glover's  principle).    The 
land  too  dry  to  admit  of  its  working  ;  it  is^ 
however,  under  common   circumstenoes,  a 
useful  implement  on  a  small  fium. 

SI7B80II.ER8. 

This  implement  worked  well,  and  followed  the 
plough  smoothly,  notwithstanding  the  hard 
and  dry  nature  of  the  subsoil.  It  is  cheap, 
and  has  the  advantage  of  a  long  beam  and  a 
long  bottom.  It  thoroughly  broke  np  the 
subsoil.  This  implement  is  a  part  of  the 
broad  share,  the  sides  being  tfJien  awayt 
leaving  the  beam,  handles,  and  centre 
coulter. 

The  tooth  of  this  implement  was  very  strong, 
and  in  a  proper  shape  and  inclination.  It 
broke  up  the  ground  completely,  but  would 
be  improved,  with  additional  teeth,  by  a 
longer  beam. 

A  useful  subsoil  plough  (Gray's),  broke  up  the 
land  and  thoroughly  pulverised  it.  The  im- 
plement would  work  steadier  if  the  spring 
in  the  gauge-bar  could  be  prevented. 


Messrs.  Hill 
and  Smith. 


James 
Comyns. 


£.  H.  Bentall. 


William 
Smith. 


Messrs.  Dray 
and  Co. 
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Art. 


Exhibitor's 
Name. 


Benuurks. 


£.   5.    d. 
3     0     0 


3     0     0 


1     0     0 

Silver 
Medal. 


132 

37 

50 
37 


28 


Messrs 
T.  and  F. 
Howard. 


Messrs. 
Ransome 
and  Sims. 

Barrett, 

Ezall,  &Co. 

Messrs. 

Ransome 
and  Sims. 


This  implement  is  Howard's  well-known 
wron^ht-iron  plough,  conyerted  into  a  very 
effective  subsoiler  by  removing  the  ordinary 
body  and  attaching  the  subsoil  frame ;  the 
extra  cost  being  20s.    Total  cost  3/.  12^.  6<f. 

Subsoiler  (A.  Beanclerk).  This  implement 
worked  very  well.  The  screw  attached  is 
a  novel  and  curious  appendage.  If  it  in- 
creases the  draught  it  may  be  of  no  use. 

A  useful  subsoil  plough  on  K^*s  principle. 

For  a  Cotgrave's  subsoil  and  trenching  plough. 
A  well-established  implement :  when  tried  on 
Fowler's  steam-ploughing  system,  did  its 
work  very  well. 


CLOD-cRusHi3Ets— Plain,  and  Serrated  Rollers. 


3 

0 

0 

3 

0 

0 

2 

0 

0 

2 

0 

0 

2 

0 

0 

2 

0 

0 

2 

0 

0 

2 
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Highly 
com- 
mended. 

8 

3 

110 

31 

56 

5 

37 

3 

12 

1 

37 

55 

124 

8 

78 

40 

William  Dray 
and  Co. 


W.Cam- 
bridge. 

Messrs. 

Ransome 

and  Sims. 

W.  Day  and 

Co. 


Messrs. 
Ransome 
and  Sims. 

HUl  and 
Smith. 


E.H.Bentall 


5     A.  Crosskill. 


For  a  Crosskill's  improved  clodcrusher  having 
serrated  discs  moving  at  different  velocities, 
which  gives  it  a  '  self-cleaning  action.  The 
discs  are  fixed  on  a  round  axle,  which  facili- 
tates its  turning.  The  implement  maintained 
its  established  reputation. 

An  improved  serrated  roller  having  discs,  to 
which  an  eccentric  motion  is  given  by  the 
mode  of  attaching  them  to  the  spindle.  This 
gives  it  a  compound  action,  and  self-cleaning 
is  attained.  The  implement  did  its  work 
very  well. 

A  useful  general-purpose  roller,  moving  on 
convex  discs.  It  is  well  adapted  to  roll 
wheat,  and  as  a  crusher  on  fallow  lands. 

For  a  Crosskill's  roller,  somewhat  different 
in  its  arrangements  to  the  one  exhibited. 
Stand  8,  Art.  3  ;  but  a  most  useful  roller. 

A  roller  having  alternating  smooth  and  serrated 
discs.  It  worked  well,  and  produced  an 
abrasion  of  the  soil  under  the  serrated  discs, 
while  the  smooth  ones  had  a  crushing  effect. 

A  most  useful  plain  roller  for  wheat  or  fallow 
lands,  in  three  cylinders,  which  are  inde- 
pendent of  each  other,  and  turn  round  with- 
out dragging  (sladiuja;,  or  sledging)  the  land. 

A  smooth  roUer,  having  wrought-iron  plates 
instead  of  metal  ones.  It  is  the  first  appli- 
cation of  wrought  iron  to  a  roller,  and  its 
advantages  are  that  a  light  roller  is  obtained 
having  a  large  diameter. 

A  light  and  smooth  roller  in  two  parts,  jointed 
in  the  middle,  and  intended  chiefly  for  stetch- 
work,  for  which  it  is  well  adapted. 

A  Norwegian  harrow,  or  spiked  roller;  a 
most  useful  implement,  bemg  an  improve- 
ment'On  the  ola-&shioned  spike  roller,  with 
the  advantage  of  the  spikelets  moving  on  a 
round  axle  and  independent  of  each  other. 
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Cloi>-cbu8H£S8,  &C. — coutiMiued. 


£.  8.    d. 
Highly       76 
com- 
mended. 


Ditto. 


99 


T.  Onuns. 


F.T.Utting. 


Ditto. 


Ditto. 


Ditto. 


Ditto. 


Com 
mended. 

Ditto. 


Ill 


56 


42 


37 


50 
83 


57 


32 


20 


H.  Canon. 


W.  Cam- 
liridge. 


W.  L.  Fiihcr. 


Meflsrs. 
Bansome 
andSimi. 


Barrett, 
£xall,and 

Co. 
R.  Coleman. 


A  very  nieful  clod-enuher  for  null 
tions,  having  a  doable  row  of  serrated  diaei, 
which  work  within  each  other.    This  imple- 
ment works  well  on  a  fallow  growing  oooch- 
grass. 
A  combined  roller  and  clod-crothery  baTing 
an  oscillatinff  action  when  naed  withont  the 
regulating  pm.    The  first  roller  is  a  seriet 
of  toothed  discs;  the  hind  discs  are  smooth, 
and  work  within  each  other.    The  objeet 
sought  to  be  attained  by  Mr.  Utting  in  the 
arrangement  of  the  roller  is  to  make  it  eidMr 
a  smooth  or  toothed  roller,  or  botii«  ai  i«- 
quired.    To  do  this  a  semicircular  casting 
is  provided  at  each  end,  with  holes  to  recefre 
a  regulating-pin,  the  centre  of  which  is  the 
axle.     To  make  it  a  smooth  roller  only, 
which  is  behind,  the  serrated  one  is  lifted  ii9l 
and  a  portion  of  the  wdght  necessarily  wui 
fidl  on  the  horse's  back  unless  prevented  by 
some  contrivance  not  yet  provided.    If  tlM 
serrated  roller  is  to  be  used,  the  weifl^of 
the  roller  behind  is  thrown  upon  it  and  the 
bellyband  of  the  horse,  excepting  so  moeh 
of  the  weight  as  is  coonterbalaiiced  by  the 
frame  and  shafts.    When  both  the  rolleif 
were  let  alone  to  find  their  own  level,  they 
worked  well. 
A  nseful  implement  for  ffeneral  poiposes  as 
a  field  roller  and   cruuier.     A  scraper  is 
provided,  which  is  moveable  at  tdeasnre. 
Worked  well  on  trial,  but  some  improve- 
ment has  yet  to  be  made  in  the  detuls. 
A  clod-crusher  with  convex  discs  moving  on 
a  round  axle,  the  bush  of  the  diMS  bang 
triangular  instead  of  round,  caomng  a  pecu- 
liar jerking  motion,  which  in  some  degree 
prevents  its  clogging. 
A  roller  having   three  cylinders  with  pro- 
jections on  the  face,  with  a  provision  made 
to  apply  grease  or  oil  to  the  inside  of  the 
boss.     The  projections  are  like  a  sheep's 
foot,  and  intended  to  represent  the  treading 
of  that  animal. 
A  useful  roller,  intended  for  barley  or  light 
land  generally,  having   three    independent 
cylinders,  which  work  well  together,  and 
hAve  the  common  advantages  of  rollers  made 
in  parts. 
A  serrated  rcdlerfbr  ^neral  field  work,  having 
brass  bushes  for  spindle.    Turns  and  works 
welL 
A  smootli  disc  roller,  having  a  joint  to  aoeom- 
modate  itself  to  round  stetchcs.    The  design 
is  good  so  long  as  stetchcs  remain,  bot  some 
improvements  in  the  details  are  necessary. 
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42 

I 

W.L.  Fisher. 

This  roller  is  similar  to  the  one  exhibited  by 
Mr.  Fifther  (No.  2%  IttTing  sheep-foot  pro- 
jeetioBS  on  the  outside  of  the  cylinders,  with 
a  ooutrivanee  to  Inbricate  the  inside  of  the 
spindle  without  remofTing  the  cylinders. 

Before  concluding  our  Report  on  the  field  implem«[itB  that  came  under  out 
notice,  it  may  be  well  to  put  the  question,  how  fiur  the  principle  of  self-clean- 
ing increases  the  draught,  and  which  kind  of  self-cleaning  principle  increases 
it  the  least  ?    The  dynamcxneter  might  throw  some  light  on  this  question. 

T.  Claske. 

J.  Jefhbok  Bowlxt. 


Amongst  the  Miscellaneous  Glass  this  year,  the  brick  and  drain  tile  ma- 
chines were  appointed  for  trial.  In  reporting  upon  them  we  can  say  but  little 
except  recording  the  results  brought  out  by  the  dynamometer,  and  comparing 
tiicin  with  those  of  previous  years.  Indeed  every  year  must  be  pregnant  with 
more  tlian  ordinary  efforts  of  genius  to  bring  even  novelty  to  bear  upon  so 
simple  a  process  as  tile-making.  While  admitting  the  strength,,  durability, 
and  lirst-rate  workmanship  of  the  noachmes  whkm  come  more  particularly 
under  our  notice,  we  respectfully  venture  to  express  the  feeling  generally  preva- 
lent amongst  the  purchasers  of  prize  implements,  that,  whatever  may  be  said 
of  the  over  plethority  of  animals  exhibited  for  the  Society's  prizes,  they  do  not 
excel  the  normal  excellence  prescribed  by  its  rules  so  much  as  implements 
frei[Uontly  supplied  fall  short  of  the  standard  of  those  stamped  with  the  So- 
ciety's approbation. 

The  piixi  and  tile  machines  selected  for  trial  were  Scraggs',  Clayton's,  and 
Whitehead's.  It  will  be  seen  tdutt  Scraggs'  machine  consamed  less  power 
in  screening  the  clay,  but  Whitehead's  more  than  compensates  for  it  in  maldoig 
the  tiles,  so  that  we  considered  the  latter  entitled  to  our  first  conslderatiflit — 
whilst  the  near  approach  of  Mr.  Scraggs  to  every  requisite  exeellenoe  entitles 
him  also  to  the  Society's  approbation.  We  have  awarded  51,  to  Mr.  White- 
head, 4Z.  to  Mr.  Scraggs,  and  commend  Mr.  Clayton's  machine,  considering  it 
su2)erior  to  horizontal  machines  for  making  tiles  of  large  diameter. 

Subjoined  are  the  tabular  results,  in  which  will  be  seai  a  gradual  impiove- 
mcnt  during  the  last  three  yeaips — the  number  of  imperfect  pipes  was  so  tdvial 
as  not  to  be  worth  recording : — 

Pipe  aih)  Tile  Maohotes. 


Screening  Clog. 

• 

Gross  weight 
of  aay 
screened.^ 

Tare. 

Total  TTine. 

Volts  of 

wwertodo 

tbtwlMto 

Work. 

Units  of 

power  te 

SoBsen 

100  lbs. 

Scraggs      ..      .. 
Clayton     ..      .. 
Whitehead 

cwt.  qrs.  lbs. 
6      3      0 
6      3     0 
6      3      0 

cwt.  qrs.  lbs. 
0     2      4 
0     2      6 
0      1    26 

iniD.    see* 
13       0 
16       0 
11     50 

39,780 
59,880 
55,880 

5,262 
8,053 
7,391 
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Making  Tile, 


Scraggs  .. 
Clayton  .. 
Whitehead 


Net  weight 
of  Clay 
screened. 


cwt  qra.  lbs. 
6  0  24 
6  0  22 
6      12 


Time  Time 

filling        actually 

Machine,     at  Worlc. 


min.  sec  j  min.  sec. 

1  30  I    5       0 

2  30  ;    5     30 

1  15      4     45 


Number 


Total 


of  good     „is^, 

in,  long.      *^^^- 


227 
193 
236 


33,550 
35,540 
30,700 


Units  of 
power  to 


100  feet 
of  Tile. 


13,157 
16,378 
11,541 


LcMlk 

ofTtti 

made  per 


61- 

39-6 

5€« 


The  annexed  trial  of  Mr.  Clayton's  brick  machine  with  steam  power,  which 
pugged  the  clay  and  made  perfect  bricks  at  the  rate  of  2500  per  hour  at  a  ooit 
in  labour  of  about  20d,  per  1000 ,  we  consider  an  element  in  accompliahing  in 
object  the  Society  has  so  much  at  heart,  viz.  *'  cheap  dwellings  for  the  poor,** 
a  desideratum  well  worthy  of  every  friend  of  civilized  society.  We  have 
awarded  him  a  prize  of  5Z.,  and  must  express  a  high  opinion  of  the  efifective 
manner  in  which  his  machine  did  its  work ;  at  the  same  time  that  we  point 
out  the  ^eat  discrepancy  between  the  actual  power  employed  and  that  de- 
scribed in  the  catalogue. 

Clayton's  Steam  Bbick  Machine. 

Forty-two  bricks  per  minute,  12-horse  power,  five  men,  four  boys ;  total  cost 
of  making  about  20c/.  per  1000. 

Chamberlain's  brick  machine  we  could  not  put  on  trial,  which  we  regretted. 
By  some  means  it  got  broken  while  in  the  yard.  There  was  ample  time  to 
replace  the  broken  wheels,  which  Mr.  Chamberlain  showed  no  disposition  to 
do.  Tliis  wc  considered  somewhat  extraordinary  conduct,  when  so  much  has 
been  written  and  said  of  this  machine.  We  must  leave  the  public  to  draw 
their  own  conclusions  from  it. 

The  miscellaneous  articles  exhibited  each  year  are  always  objects  of  peculiar 
interest,  inasmuch  as  the^'  are  either  appendages  to  assist  in  tiie  working  oat 
of  a  system  incurred  by  the  employment  of  machinery  for  agricultural  por- 
poses,  or  articles  of  utility  by  themselves,  or  they  add  to  the  comfort  and  con- 
venience of  domestic  life.  Taking  the  catalogue  seriatim,  our  first  attention 
was  attracted  to  the  draining  tools,  for  which  and  the  hand  tools  generally 
Burjijcss  and  Key  stand  pre-eminent  in  the  show-yard  for  their  handiness  and 
good  workmanship.  We  beg  to  award  them  a  prize  of  3?.  for  the  set  of  drain- 
ing tools.  No.  44. — We  next  come  to  Mr.  Biggs*  sheep-dipping  apparatus,  but 
must  say  that,  if  there  is  any  profit  in  cradling  the  sheep,  it  is  to  the  vendor  of 
the  (li[>ping-com position,  &c. ;  as  the  quantity  of  liquid  the  sheep  cany  away 
in  their  coats,  the  loss  of  time  in  strapping  and  unstrapping,  and  the  number  of 
times  the  animal  has  to  be  handled,  would  make  a  great  charge  on  the  fleece. 
— The  gutter  tile  si)outing  exhibited  by  Mr.  Lawes  is  very  good,  were  it  not 
for  the  high  price  put  upon  it. — The  skin-fleeces  shown  by  Barry  Brothers, 
to  establish  the  efiicacy  of  Long's  dressing,  only  prove  what  nice  wool  might 
Ixi  obtained  with  great  care  and  attention,  provided  it  would  answer ;  but  as 
there  were  no  corresiwnding  skins  shown  of  sheep  kept  in  the  ojien  field  with 
the  ordinary  care,  &c.,  we  can  form  no  comparative  opinion  of  its  merits  gene- 
rally, but  think  we  might  recommend  it  to  some  of  the  exhibitors  of  prize  sheep 
in  lieu  of  their  own.  On  tlie  other  hand,  from  1  lb.  to  3  lbs.  of  wool  will  not 
TQ\ay  the  cost  of  (lif)piiig  evcr\'  six  weeks,  as  it  certainly  may  be  obtained  by 
dipping  twice  a  year. — ^Mr.  Keevers  i)atcnt  cheesemaking  tub,  by  Grifiiths  and 
Co.,  is  worthy  the  atteiitio:i  of  dairj-  farmers,  as  whatever  tends  to  lessen  ex- 
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pence,  and  at  the  same  time  increase  the  produce  and  quality  of  the  material,  is 
a  j^reat  advance  on  the  road  to  perfection.  Looking  at  the  nicety  required  in 
the  act  and  the  great  waste  from  bad  management,  we  think  very  favourably 
of  this  invention,  and  have  awarded  it  a  medal.  The  price  appears  to  be  high, 
and  will  no  doubt  lessen  the  sale.  With  a  strong  tub  and  much  less  expensive 
gear,  it  would  be  equally  effective  and  durable,  and  might,  we  think,  be  sold 
at  a  more  reasonable  price. — As  a  new  invention,  the  barley-awner  of  Messrs. 
Ransome  appears  the  best  brought  out,  which  we  should  have  highly  com- 
mended had  we  had  the  opportunity  of  trying  it  before  our  awards  were  deli- 
vered in.  After  some  barley-thrashing  in  the  trial-yard,  we  put  it  to  the  test 
and  found  it  quite  answered  our  expectation,  with  less  power  than  these 
implements  generally  require. 

What  to  grow,  and  how  to  render  the  produce  of  the  farm  available  for  sale, 
without  decreasing  the  fertility  of  the  soil,  is  one  of  the  great  problems  to  be 
solved  by  the  farmer.  The  growth  of  flax  appears  to  be  one  of  the  subjects  tend- 
ing to  accomplish  this  end,  but  hitherto  the  sale  of  the  straw  has  prevented  the 
profitable  cultivation  of  the  plant.  Mr.  Pye  appears  to  have  hit  upon  an  in- 
vention to  render  the  fibre  more  valuable  after  the  seed  has  ripened.  The 
specimens  produced  appeared  but  little  depreciated  compared  with  green  straw ; 
sliould  this  desirable  end  be  obtained  very  many  acres  of  clay  land  might  be 
profitably  cropped  with  flax,  instead  of  fallow,  as  the  short  time  required  for 
maturing  tlie  plant  would  leave  ample  scope  for  a  good  fallow  afterwards, 
and  the  seed  would  very  much  assist  in  fattening  stock  in  combination  with 
the  root  crops.  We  have  awarded  Mr.  Pye  a  medal  for  his  method  of  prepa- 
ration, wishing  the  project  every  success. 

The  patent  endless  band  saw  of  Messrs.  Barrett,  Exall,  and  Andrewes,  is  a 
new  feature  in  cutting  timber  when  it  is  required  to  be  cut  in  a  curve,  such, 
for  instance,  as  felloes  of  wheels,  &c. ;  the  friction  is  much  less  than  in  the  cir- 
cular saw,  and  it  seems  to  us  a  very  desirable  machine  for  the  workshop.  We 
awarded  it  a  medal. — A  patent  corn  and  malt  screen,  exhibited  by  R.  Boby, 
worked  by  a  crank,  the  screen  parts  fitted  with  rollers  between  each  wire, 
preventing  the  possibility  of  blocking  up,  and  giving  free  egress  to  the  thin 
kernels,  thereby  separating  the  grain  and  making  a  fine  sample,  we  consider  a 
great  improvement  over  the  old  plan,  and  have  aWarded  him  a  medal. — Per- 
haps the  most  lamentable  specimens  of  mechanical  necessity  are  corn-dressing 
machines  like  Mr.  Hackvale's,  with  special  contrivances  to  take  out  the  seeds 
of  weeds  from  com;  but  so  long  as  the  notion  is  entertained  that  weeds 
indigenous  to  particular  soils  are  bred  like  tadpoles  in  a  horse-pond,  we  suppose 
w(^  must  continue  to  recommend  them  to  the  notice  of  slovenly  farmers. — The 
variety  of  root-mincers  or  pulpers  by  Phillips,  Bentall,  Barnard,  and  Bishop, 
are  all  improved  since  last  year  ;  still  the  work  appears  to  us  to  be  best  done  by 
riiillips  at  present.  Having  paid  great  attention  to  this  system  of  feeding  for 
til  CSC  last  two  years,  we  may  be  excused  for  digressing  a  little  while  speaking 
of  these  machines.  Roots  require  to  be  cut  into  very  small  crystal-like  pieces, 
then  mixed  with  two-thirds  chaff,  allowed  to  ferment,  the  time  depending  on 
the  temjxTature  of  the  weather ;  by  no  means  let  it  sour ;  if  for  fat  cattle  mix 
corn  or  cake  with  it ;  if  for  store  stock,  bran,  pollard,  malt-dust,  &a  TTiis 
plan  is  the  most  economical  and  profitable  way  of  keeping  milking  cows  or 
lean  stock  through  the  winter.  The  butter  is  of  good  quality,  and  quite  free 
from  tlie  disagreeable  flavour  which  often  follows  when  roots  are  given  to  them. 
— There  was  the  usual  variety  of  miscellaneous  articles  that  make  up  the  total 
of  the  show-yard,  such  as  Read's  patent  watering-engine  and  double-action 
green-house  pump ;  garden-tools,  watering-pots,  housemaid's  barrows,  and 
numerous  horticultural  appliances  by  Gidney'  and  Son ;  lawn  mowing- 
machines  by  A.  Shanks  and  Co. ;  circular  iron  corn-bins,  well  adapted  for 
riding-stables  ;  washing  and  wringing  machines ;  a  portable  farm  forge,  ex- 
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liibited  by  Dray  and  Co. ;  together  with  tlieir  tubular  field-gates  and  the  rick- 
stands  of  Hill  and  Smith,  both  of  which  we  commended. 

Wo  cannot  close  these  remarks  without  expressing  our  thanks  to  Mr.  Amoi, 
and  more  particularly  to  his  assistant,  Mr.  Coombs,  who  eflfectually  assisted  ni 
in  our  duties. 

Thos.  Hawkikb. 

James  Hau.  Naldbb. 


Tbial  of  Field  Implements, 
Beport  on  Ploughs, 

The  sum  of  forty  sovereigns  was  offered  by  the  Society  in  prizes  for  tbe 
class  of  ploughs  generally,  not  as  in  former  years  in  the  shape  of  a  single 
prize  for  the  best  plough,  but  at  the  discretion  of  the  Judges  for  apportiomxieiit 
to  the  several  competitors  in  proportion  to  their  respective  merits. 

The  Judges  divided  the  ploughs  selected  for  trial  into  five  classes^  and  ap- 
portioned the  prizes  in  each  class  as  follows,  viz. : — 

1.  For  the  ploughs  best  adapted  to  general  purposes     ..  £15 

2.  For  the  ploughs  best  adapted  to  heavy  land       ..      ..  10 

3.  For  the  ploughs  best  adapted  to  light  land        ..      ••  10 

4.  For  the  best  ridge  plough ..      ..  3 

5.  For  the  best  turn  wrest  plough 2 

40 

PIougJi8for  Oeneral  Purposes, — Eight  ploughs  were  selected  for  trial  in  this 
class,  two  of  which  were  local  ploughs,  constnicted  partly  of  wood,  bekxnging 
to  Mr.  Ben  tall  and  Mr.  Warren  of  Maiden  ;  and  the  remaining  six  were  iron 
ploughs  belonging  to  Messrs.  Kansomes  and  Sims,  Howard,  Ball,  Busby,  Cir- 
son,  and  Fry.     All  the  ploughs,  except  Mr.Warren's,  were  fitted  with  wheels. 

Two  scries  of  experiments  were  made  in  this  class,  first  on  a  freeworking 
and  rather  light  loamy  soil ;  and  next  upon  a  field  of  pastured  seeds,  on  soil 
naturally  strong,  but  rendered  stronger  by  the  treading  of  stocky  and  unusnaliy 
hard  from  the  dryness  of  the  weather. 

It  was  arranged  that  each  plough  should  commence  with  a  furrow  of  9 
inches  by  5,  to  be  gradually  increased  to  a  depth  of  7  inches  by  10,  that 
the  draught  of  each  plough  should  then  be  tested  by  the  improved  dyna- 
mometer specially  manufactured  fur  the  Society  by  Mr.  Amos,  and  which 
was  used  on  this  occasion  for  the  first  time  with  most  satisikctory  results. 

In  the  light  land  the  work  was  generally  well  done  by  all  the  plooghs, 
though  even  here  the  advantage  of  the  iron  wheel  ploughs  was  very  obvious, 
and  the  work  produced  by  Messrs.  Howard's  plough  in  particular  codiibited  a 
marked  superiority. 

It  was,  however,  in  the  strong  land  that  the  capabilities  of  the  several  iro- 
plcmonts  were  worthily  tested,  and  none  but  ploughs  of  the  best  constructicu 
had  the  smallest  chance  of  success.  Notwithstanding  the  difiiculties  arising 
from  the  heavy  texture  and  extreme  hardness  of  the  ground,  much  of  tlie 
work  was  well  done,  and  though,  during  the  progress  of  the  trials,  the  com])e- 
lition  was  occasionally  very  close,  and  the  merits  of  several  ploughs  sometinies 
pretty  evenly  balanced,  yet  the  performance  of  Messrs.  Howard's  plough  was 
u]X)n  the  whole  such  as  clearly  to  entitle  it  to  be  placed  the  first  in  its  class. 
The  Judges  awanlcd  the  sum  of  15Z.  in  tlie  proportions  which  in  their  opinion 
indicate  the  comparative  merit  of  the  several  ploughs,  viz. : — 

To  ^Messrs.  J.  and  F.  Howard,  of  Bedford,  the  sum  of     ..     £7 

„  Mr.  Ball»  of  I^othwell,  near  Kettering 4 

„  Mr.  Bent  all,  of  Hey  bridge,  near  Maklon       4 
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In  estimating  the  comparatiye  merit  of  ploughs,  next  in  importanoe  to  the 
'Ciuality  of  work  produced  is  the  power  required  for  their  traction.  The  Judges 
of  tlie  Society  have  always  had  their  attention  directed  to  this  point,  but, 
owing  to  the  imperfect  dynamometers  hitherto  in  use,  the  results  ha^e  been 
rough  average  approximations  rather  than  exact  quantities.  The  trials  of  the 
l^resent  year  have  been  made  with  a  new  dynamometer  constructed  by  Mr.« 
Amos  on  similar  principles  to  those  used  at  the  Society's  Meetings  for  mea^ 
suring  the  power  of  .steam-engines,  and  which  records  with  the  greatest  preci- 
sion the  exact  force  exerted  in  the  traction  of  a  plough  at  every  step  in  the  ex- 
l)eriment. 

Tlie  following  Table  gives  the  result  of  the  trials  : — 


Exhibitors'  Names. 


Stand. 

Article. 

133 

4 

37 

2 

78 

16 

74 

1 

132 

I 

20 

6 

111 

7 

13 

3 

IXmensiaii 

of 

Forrow-sUoe. 


Fon» 

of 

Tmotloiw 


Price 


Warren 

Eansoraes  and  Sims 

Bentall 

Ball        

Howard 

Busby 

Carson 

Fry         


1367 
1383 
1410 
1413 
1435 
1685 
1759 
1943 


2  13 


PJour/hs  best  adapted  to  Heavy  Land, — This  trial  was  upon  a  field  of  seeds 
pastined,  on  a  strong  heavy  soil,  very  haid  and  dry,  in  such  a  state  that  few 
farniLTs  would  have  attempted  to  plough  it,  and  in  which  none  but  the  best 
plou<zl)s  could  possibly  work. 

Five  ploughs  competed  in  this  class ;  the  names  of  the  competitors  and  the 
results  are  given  in  the  subjoined  Table. 

The  con<litions  were  that  the  furrow  should  be  8  inches  deep  by  10  wide ; 
the  turf  to  be  pared  and  deposited  under  the  furrow. 

The  (juality  of  the  work  done  by  most  of  the  ploughs  was  admirable.  Not- 
witlistauding  the  unfavourable  condition  of  the  ground,  the  furrow  was  cut 
Avitli  p,reat  cleanness  and  regularity  ;  the  turf  was  pared,  turned,  and  deposited 
with  tacility  and  completeness ;  and  the  result  of  this  trial  afforded  a  strikinpj 
l^roof  bow  ample  and  complete  is  the  control  which  our  best  constnicted 
l)loughs  now  give  over  the  most  stubborn  soils  in  the  country. 


Exhibitors'  Names. 

Stand. 

Article. 

Dtmenslons 

of 
Farrow-slice. 

Force 

of 

TrMtfoD. 

Price. 

Ball        

Busby 

Howard 

Bansomes  and  Sims     . . 
Warren 

74 
20 

132 
37 

133 

2 

5 

10 

7 
10 

in.        in. 
10   X   8 
10    X   8 
10   X   8 
10   X   8 
10   X  8 

2289 
2804 
2215 
2985 
1815 

£.   9.     d, 
5  10     0 

5  12     6 

6  0    0 
5  17     6 
4     4     0 

The  Judiies  awarded  the  lOL  appropriated  to  this  class  a&  follows,  viz. : — 

To  Messrs.  J.  and  F.  Howard,  the  sum  of         £5 

„  Mr.  Ball 3 

,,  Messrs.  Bausomes  and  Sims 2 

Ploii'jhs  best  adapted  to  Light  Land, — Seven  ploughs  competed  in  this  class, 

2q2 
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which  were  tried  upon  a  field  of  light  loamy  soil,  in  most  favourable  condition 
for  exhibiting  excellence  of  work.  A  furrow  7  inches  by  9  was  the  conditicB 
proposed,  at  which  depth  the  dynamometer  was  applied.  The  work  of  the 
entire  class,  excepting  Mr.  Carson's  plough,  was  excellent,  and  the  competitioD 
unusually  severe.  So  evenly  balanced  were  the  merits  of  Messrs.  Bansomf, 
Ball,  and  Bentall,  that  no  distinction  could  be  made,  and  the  Judges  awankd 
to  them  an  equal  prize ;  but  the  superior  work  by  Messrs.  Howard's  plough, 
combined  with  its  lightness  of  draught,  induced  Uie  Judges  to  award  to  than 
the  highest  prize. 

The  following  is  the  result  of  the  trials : — 


Exhibitors'  Nunef . 


DlmendoDB 

Stand. 

Article. 

of 
Furrow-aUce. 

In.       in. 

74 

3 

7X9 

78 

15 

7X9 

20 

7 

7X9 

111 

6 

7X9 

13 

2 

7X9 

132 

3 

7X9 

37 

4 

7X9 

Fore* 

of 

TracUoo. 


Frict. 


Ball       

IBentall 

Bu  by 

Carson 

Fry        

Howard 

Bansomes  and  Sims 


1400 

1444 

1470 

(  Diaconttanrd  work 

\    Trial  woa  completed. 


4     8    0 

3  10    0 

4  7    6 


1330 
1100 
1225 


4  15    0 
8  19    6 

4    7    6 


The  Judges  awarded  the  sum  of  10/.  apportioned  to  this  class  as  foUom^ 
Tiz,  : — 

To  Messrs.  J.  and  F.  Howard      £4 

„  Messrs.  Bansomes  and  Sims 2 

„  Mr.  Ball 2 

„  Mr.  Bentall       2 

Ridge  Plouglis, — Messrs.  Howard  and  Eansome  were  the  only  competiton 
in  this  class,  and  the  Judges  awarded  the  prize  of  Zl,  to  Messrs.  Howard. 

Tuniwrest  Ploughs. — Five  ploughs  belonging  to  Messrs.  Bansome,  Howaid, 
Bentall,  Comins,  and  Coleman,  were  selected  for  trial,  and  the  prize  of  2/.  was 
awarded  to  Messrs.  Bansomes  and  Sims  for  their  tumwrest  plough,  "  Low- 
cock's  Patent,**  stand  37,  article  22,  price  6Z.  17«.  6c?. 

UiK)n  the  whole  the  Judt^cs  aro  of  opinion  that  these  experiments  have  «x» 
hibited  ploughing  fully  equal  in  merit  to  what  has  been  seen  at  any  former 
meeting  of  the  Society  ;  and  though  no  striking  novelty  has  been  introduced 
in  the  construction  of  ploughs,  yet  some  minor  improvements  have  been  made 
tending  to  the  ixjrfection  of  these  important  implements. 

It  is  a  |.)eculiarity  of  English  agriculture  that  ploughing  is  an  operaticm  of 
greater  difliculty  in  Kngland  tban  on  the  continent.  Besides  the  greater  xui* 
rural  tenacity  of  the  soil,  arising  in  part  from  the  greater  humidity  of  the  cli- 
mate, the  alternation  of  grass  and  com  crops,  and  the  amount  of  stock  depas- 
tured upon  the  land,  all  give  to  our  arable  fields  an  unusual  degree  of  solidity, 
while  the  growth  of  artificial  grasses  renders  a  complete  inversion  of  the  soil 
an  absolute  necessity.  Those  who  witnessed  the  trials  of  the  ploughs  at  the 
Paris  Exhibition  will  have  seen  the  widely  different  conditions  of  ploughing  in 
England  and  France,  and  how  completely  the  improved  construction  of  our 
English  ploughs  is  fitted  to  cope  with  the  special  difficulties  of  English  farm- 
ing. h\  proiwrtion  to  the  difficulty  of  the  operation  is  the  necessity  of  having 
good  uistruuients,  an<l  the  most  useful  lessons  inculcated  by  the  trials  at 
Chelmsford  appear  to  the  Jud;i;os  to  be,  that  they  establish  the  importance  of 
solidity  and  strength  in  the  construction  of  ploughs,  and  demonstrate  the  de- 
cided 8U|)eriority  of  the  iron  ploughs  with  wheels  to  the  wood  ploughs  without 
wheels,  still  too  extensively  iu  use. 
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To  tliosc  who  have  watched  the  experiments  at  the  successive  meetings  of  the 
Society  these  will  appear  very  common  and  familiar  truths,  but  it  is  imjwssible 
to  travel  far  in  any  direction  without  seeing  that  they  are  unknown  or  unap- 
preciated by  vast  numbers  to  whom  such  knowledge  would  be  an  important 
benefit.  To  diifuse  this  knowledge  and  extend  the  use  of  our  best  implements 
is  one  of  the  special  objects  of  the  Society,  and  there  is  perhaps  no  better  mode 
of  quickening  the  process  than  by  such  exhibitions  and  trials  as  are  here  re- 
corded. 

Water-dbop  Dbill. 

This  is  one  of  the  few  implements  exhibited  which  can  lay  claim  to  the  title 
of  an  entirely  new  and  at  the  same  time  most  useful  invention.  The  drill, 
thou*;h  exhibited  by  Messrs.  Garrett  and  Sons,  is  the  invention  of  Mr.  Thomas 
Chambers,  a  tenant  farmer  in  Norfolk,  honourably  known  as  the  inventor  of 
the  best  manure  distributor.  On  the  propriety  of  subjecting  this  invention  to 
trial  there  appeared  some  diversity  of  opinion  among  the  officers  of  the  Society, 
as  the  class  of  drills  will  be  tested  in  due  course  next  year.  The  Judges  unani- 
mously decided  that  the  water-drop  drill  was  essentially  a  new  implement,  and 
could,  therefore,  compete  for  a  special  prize  offered  by  the  Society  for  such 
novelties. 

Mr.  Chambers'  invention  is  confined  entirely  to  the  coulter,  which  can 
readily  be  applied  to  any  water-drill  now  used.  The  drop  is  effected  in  an 
extremely  simple  and  efficient  manner,  and  cannot  fail  to  increase  the  reputa- 
tion wliich  Mr.  Chambers  has  deservedly  established  by  the  invention  of  his 
manure  distributor.  The  water,  seed,  and  manure  are  passed  into  a  hollow 
iron  wheel,  which  revolves.  This  wheel  is  furnished  with  three  orifices,  so 
that  at  each  revolution  three  bunches  are  dropped. 

The  principle  of  a  drop  drill  has  often  been  advocated  as  economising  manure 
and  seed,  by  placing  them  only  where  they  are  wanted.  But  dropping  the  seed 
with  any  dusty  manure  lessened  the  chance  of  its  germinating  in  dry  weather. 
This  objection  is  obviated  by  the  application  of  water,  and  as  the  water  is 
dropped  in  one  spot  instead  of  being  distributed  in  a  continuous  stream,  suffi- 
cient moisture  can  be  given  to  cause  the  seed  to  vegetate  in  the  driest  season. 
After  an  interesting  trial  the  success  of  the  implement  was  fully  established, 
and  the  Judges  had  much  pleasure  in  recommending  the  Council  to  bestow  a 
]*rize  of  5/.  on  the  invention.  They  regretted  that  no  mention  of  this  award 
was  made  in  the  prize  list  published  by  the  Society,  and  that  no  placard  was 
issued  to  ^Ir.  Chambers  by  which  his  success  could  be  made  public  in  the  show- 
yard. 

Beapinq  Machines. 

The  trial  of  these  machines  at  Chelmsford  constituted,  as  in  former  years^ 
one  of  the  most  attractive  features  of  the  Society's  show. 

A  large  attendance  of  agriculturists  from  all  parts  of  England,  in  addition 
to  many  from  the  continent,  attested  the  interest  which  is  felt  in  the  progress 
of  these  machines,  and  the  importance  of  securing  so  valuable  a  substitute  for 
human  labour  in  the  critical  and  urgent  labours  of  the  harvest. 

Four  machines  were  submitted  for  trial  upon  a  standing  crop  of  rye,  which, 
as  it  presented  no  sort  of  difficulty,  so  it  afforded  no  adequate  test  of  Uie  com- 
parative merit  of  the  several  machines. 

These  trials  early  in  July,  upon  crops  so  unlike  those  for  which  reapers  are 
required,  have  long  been  felt  to  furnish  most  inadequate  data  for  judging  of  their 
merits ;  and  after  the  careful  and  extended  trials  last  year  so  liberally  afforded 
by  Mr.  Miles,  at  Leigh  Court,  the  Judges  were  imwilling  to  disturb  the  result 
of  those  trials  uix)n  an  experiment  so  limited  and  unsatisfactory  as  was  afforded 
them  at  Chelmsford.  These  circumstances  being  represented  to  the  Stewards, 
it  was  decided  to  send  the  machines  for  a  further  trial  upon  Mr.  Fisher  Hobbs* 
estate  at  Boxtcd  Lodge,  near  Colchester. 
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'llie  following  machines  were  selected : — 

BeWs  improved  machine,  exliibited  by  Crosskill,  price  42Z. 

Ilussey^s  reaping  machine,  exhibited  by  W.  Dray  and  Co.,  jwice  257. 

MiCoi'mick's  machine,  exhibited  by  Burgess  and  Key,  price  40?. 

ForhusJi  and  Co.^s  reaper,  improved  and  exhibited  by  John  Palmer,  price  32L 

Trials  at  Boocted  Lodge. 

The  trials  of  reaixjrs  were  resumed  at  Boxted  Lodge  on  the  13th  and  14th  of 
Aufjjust. 

Two  fields  of  wheat,  one  a  heavy  and  ])artially  laid  crop,  on  a  well-drained  and 
flat  surface,  the  other  a  lighter  and  standing  crop  of  wheat,  on  ridge  and  fiinow, 
both  perfectly  free  from  all  couch  and  weeds ;  and  a  field  of  oats  consistiiif 
of  a  strong,  partly  standing  and  partly  lodged  crop,  were  the  fields  selectM 
for  trial.  Every  variety  of  crop  which  a  varied  and  extensive  farm  could 
supply,  an  unlimited  command  of  horse  and  manual  labour,  and  every  facility 
which  could  be  given  for  insuring  a  satisfactory  trial  were  provided  moit 
liberally  by  Mr.  Hobbs.  For  the  greater  part  of  two  days,  favoured  by  the 
finest  weather,  these  machines  were  successively  tried  in  wheat  standing  and 
lodged,  on  level  surfaces  and  over  ridge  and  furrow ;  on  oats  both  standing  and 
lodged,  and  in  such  variety  of  situation  and  circumstance  as  appeared  best  ol- 
culated  to  exliibit  their  respective  merits. 

As  none  of  these  machines,  witli  the  exception  of  CrosskiU's,  which  will  ht 
specially  mentioned  hereafter,  have  undergone  any  important  change  in  thdr 
construction  since  last  year,  to  describe  them  in  detail  would  be  merely  a  repe- 
tition of  last  year's  Report ;  the  Judges  therefore  content  themselves  'wifli 
saying  that,  excepting  CrosskilPs  machine,  they  are  all  substantially  what  thej 
were  last  year,  and  since  then  no  improvement  whatever  has  been  made. 

The  machines  having  been  submitted  to  various  trials,  in  which  all  were 
found  cajmble  of  cutting  and  delivering  ordinary  crops  of  com,  at  least  as  per- 
fectly and  economically  as  the  mower's  scythe,  a  standing  crop  of  wheat  of 
great  strength  and  bulk  was  set  out  in  plots  for  each  machine,  in  which  the 
quality  of  work  and  the  time  of  performance  were  the  conditions  of  competitioD. 

The  following  was  the  result : — 


Nftine  of  Ezhihitor. 


W.  Dray  and  Co. 
A.  Crosskill     . . 
Burgess  and  Key 


Time  at 
Work. 


h.  min. 

1  40 

2  5 
1  53 


Quantity 
Baaped. 


a.  r.  p. 

1  2  27 

1  2  23 

1  1  16 


The  sum  of  50?.  was  offered  by  the  Society  for  the  class  of  reaping  machineB^ 
and  of  this  sum  the  Judges  awarded  to  Alfred  Crosskill,  for  the  best  reaping 
machine  for  general  harvest  purjxjses,  20Z. 

To  William  Dray,  for  the  best  reaping  machine  for  wheat  crops,  161. 

To  Messrs.  Burgess  and  Key,  for  their  reaping  machine  for  genml  pm> 
poses,  15Z. 

The  reaping  machine  holonging  to  Mr.  John  Palmer,  owing  to  the  wm- 
attendance  of  the  owner,  was  not  put  in  competition. 

In  the  trials  at  Leigh  Court  last  year,  the  first  prize  was  given  to  Measrs. 
Burgess  "and  Key,  though  Mr.  Crosskill  was  then  a  competitor  with  BeH't  ma- 
chine. As  the  trials  at  lioxted  have  led  the  Judges  to  give  Mr.  Orosskill  the 
first  prize,  it  seems  desirable  that  the  grounds  of  this  change  of  podtiotiahoiild 
be  stated. 

The  machine  of  Messrs.  Burgess  and  Key  has  nndergone  no  improvement 
since  last  year,  but  Mr.  Crosskill  has  improved  his  machine. 

There  have  always  been  some  points  of  excellence  in  Bell'to  machine  nel 
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shared  by  any  other.  The  power  of  cutting  in  any  direction,  of  delivering  the 
corn  on  either  side,  right  or  left,  and  of  requiring  no  scytheman  to  prepare  its 
way,  are  advantages  ]^culiar  to  this  machine. 

These  have  hitherto  been  considered  as  counterbalanced  by  the  excessive 
draught  of  the  machine,  by  the  liability  of  the  delivery-web  to  beconie  dis- 
ordered, and  by  the  labour  and  difficulty  of  steerage.  These  drawbacks  have 
since  last  year  been  in  a  considerable  degree  removed.  The  delivery-web  has 
l)een  superseded  by  three  gutta-percha  bands,  which,  without  detracting  from 
its  former  efficient  delivery,  has  reduced  friction  and  greatly  diminished  draught. 
Other  minor  alterations  have  been  made  still  further  diminishing  draught. 

These  improvements,  in  connexion  with  the  actual  performance  of  the  ma^ 
chine  at  Boxted,  the  Judges  believe  fully  justify  their  award,  and  place  this 
im})lement  the  first  in  its  class. 

In  awarding  a  prize  to  Dray  and  Co.'s  machine  as  the  best  reaper  for  wheat 
crops,  the  Judges  would  observe  that  this  machine  has  few  points  in  common 
with  tlie  other  machines.  Dray's  machine  is  strictly  a  reaping  machine,  and 
ill  practice  must  be  limited  to  such  crops  as  can  be  immediately  bound.  The 
others  are  really  mowing  machines,  and  have  a  wider  application.  As  a  reaper 
the  Judges  consider  Mr.  Dray's  the  best  machine,  and  tnat  it  can  be  economi- 
cally used  is  evident  from  the  Boxted  trials.  In  1  hr.  40  min.  it  cut  extremely 
clean  and  well  1a.  2r.  27p.  of  a  strong  wheat  crop,  and  with  two  men  with 
the  machine  and  six  men  to  tie,  the  whole  crop  was  set  up  in  three  minutes 
after  the  corn  was  cut.  This  will  give  in  all  eight  hands,  at  a  cost  of  say 
11.  lis.  per  day,  and  at  the  rate  above  given  the  quantity  cut  in  twelve  hours 
would  be  11a.  3r.  9p.     This  is  far  superior  to  any  result  from  manual  labour. 

Although  the  Judges  cannot  help  repeating  the  expression  of  their  regret  that 
very  little  improvement  has  been  made  in  these  machines  during  the  past  year, 
they  are  nevertheless  of  opinion  that  in  their  present  state  they  may  in  many 
districts  be  used  with  great  advantage  and  economy ;  and  they  entertain  no 
doubt  that  in  a  short  time  they  will  come  into  general  use,  ana  meet  all  rea- 
sonable requirements. 

Steam  Cultivation, 

A  prize  of  500Z.  was  offered  by  the  Society  for  the  "  Steam  cultivator, 
that  shall  in  the  most  efficient  manner  turn  over  the  soil,  and  be  an  economical 
substitute  for  the  plough  or  the  spade." 

The  trials  of  the  steam  cultivators  formed  unquestionably  the  chief  feature 
of  this  year's  exhibition,  and  will  doubtless  mark  an  important  era  in  the  history 
of  the  Society, 

There  seems  now  no  reason  to  doubt  that  the  cultivation  of  land  by  the 
mighty  agency  of  steam  will  be  accomplished,  that  what  has  hitherto  been 
regarded  as  the  fond  dream  of  theorists  will  become  a  reality,  and  that 
agriculture  will  be  rescued  from  the  reproach  that  it  has  been  unable  to  use  in 
its  daily  operations  an  i^ency  whioh  has  been  such  an  element  of  power  and 
prosperity  to  all  other  industries. 

Two  cultivators,  differing  considerably  in  their  character  and  mode  of  operar- 
tion,  one  belonging  to  Mr.  Smith  of  Woolston,  the  other  to  Mr.  Fowler,  were 
exhibited  for  competition.  Mr.  Smith's  apparatus  consists  of  a  common  T-horse 
portable  steam-engine,  and  a  stationary  windlass  fixed  in  the  comer  of  a  field« 

A  couple  of  i-inch  wire  ropes  are  led  from  the  2  drums  on  the  windlass, 
in  opposite  directions  round  4  anchored  pulleys,  and  meet  at  the  cultivating 
implement,  thus  passing  round  the  field ;  2  anchors  being  fixed,  and  2  shifted 
from  time  to  time  along  each  headland  as  the  work  proceeds.  Mr.  Smith  uses 
cultivators  or  grubbers  of  a  peculiar  kind,  taking  a  breadth  of  about  3  feet  at  a 
time,  and  he  has  an  ingenious  mode  of  turning  them  quickly  at  the  end  of  the 
furrows.  He  does  not  attempt  to  plough  or  invert  the  soil,  but  scarifies  or 
baulks  it :  about  4  acres  is  the  work  of  12  hours,  and  the  cost,  including  wear  and 
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toar,  interest  of  capital,  and  all  expenses,  amounts  to  about  8<.  per  acre.  There 
is  much  to  commend  in  the  ingenuity  and  simplicity  of  Mr.  Smith's  arrange- 
ments, and  he  has  no  doubt  done  much  in  showing  the  mode  of  applying  steam 
to  the  traction  of  field  implements.  Mr.  Smith  does  not  invert  the  land,  be 
says  his  system  of  cultivation  does  not  require  it,  and  he  does  not  think  that 
inversion  of  the  soil  is  of  much  moment.  There  can,  however,  be  uo  difficulty 
in  attaching  ploughs  to  Mr.  Smith's  traction-ropes  by  those  who  prefer  them. 

The  Judges  think  Mr.  Smith  mistaken  in  not  aiming  at  complete  inversioD 
of  the  soil,  but,  however  that  may  be,  the  condition  of  the  prize  is  that  the 
implement  shall  "  turn  over  the  soi/,"  and  as  this  is  contrary  to  Mr,  Smiths 
present  system,  the  Judges  can  only  report  that,  in  their  opinion,  Mr.  Smith's 
present  cultivators  do  not  conform  to  the  conditions  on  which  the  Society's 
l)rize  is  offered. 

Mr.  Fowler's  arrangements  consist  of  a  portable  double  cylinder  engine, 
driving  a  capstan  by  a  short  endless  chain,  and  stationed  half  way  down  one 
side  of  the  field.  Two  wire  ro^xis  are  led  from  the  drum  across  the  field  direct 
to  the  two  ends  of  the  work,  then  jxassing  round  two  anchored  pulleys  and 
meeting  at  the  implement.  The  anchors  are  most  ingenious,  and  consist  of 
two  trucks  filled  with  earth,  with  sharp  cutting  discs  for  wheels  which  cut 
into  the  land,  and,  though  easily  moved  fon^ard  along  the  headland,  present 
great  lateral  resistance  towards  the  engine.  The  implement  of  cultivation  is  a 
frame  of  wood  to  which  8  ploughs  are  attached,  4  working  at  once,  and 
4  ix)inted  in  the  opposite  direction  for  the  return.  The  work  of  oommon 
ploughing,  both  on  light  and  heavy  land,  was  extremely  well  done,  and  two 
subsoil-ploughs  were  drawn  with  great  steadiness  through  the  strongest  land 
at  a  depth  of  10  inches,  which  on  trial  required  the  power  of  10  liorsea  to  pull 
them.  The  Judges,  in  common  they  believe  with  every  one  who  saw  the 
operation,  were  quite  satisfied  that  ploughing  could  be  done  in  the  best  manner 
by  Mr.  Fowler's  machine,  and  on  clay  land  with  the  important  advantage  of 
avoiding  the  injurious  effects  from  the  tread  of  horses. 

The  only  question  was  whether  the  machine  was  an  economical  substitute 
for  the  plough,  and  to  arrive  at  some  conclusion  on  this  point  a  further  trial 
was  agreed  to  be  made  at  Boxted  Lodge. 

On  the  14th  of  August  a  long  and  careful  trial  took  place  on  a  field  of  wheat 
stubble  on  Mr.  Hobbs'  estate,  in  the  presence  of  the  Judges  of  the  Society, 
Mr.  Amos  the  engineer,  Mr.  Brandreth  Gibbs,  and  a  great  number  of  spectators. 
The  ploughing  was  again  admirably  done,  fully  equal  in  regularity  and 
precision  to  anything  that  could  be  done  by  horse  labour.  To  estimate  the 
cost  of  the  operation  was  a  work  of  great  care  and  time,  and  Mr.  Amos  has 
given  the  result  in  the  table  which  is  subjoined. 

By  this  table  the  money  cost  of  ]>loughing  is  shown  to  be  7s.  2^.  per  acre. 
The  Judjj:es  are  of  opinion  that  the  cost  of  the  like  work  by  horse  power  would 
be  at  least  7s.  per  acre,  leaving  the  cost  of  the  two  processes  almost  identicaL 

Under  these  circumstances,  although  the  Judges  cannot  say  that  the  con- 
ditions of  the  prize  are  fully  met,  yet  the  improvement  effected  is  so  great, 
and  the  pros|)ect  of  early  and  complete  success  so  probable,  that  they  specially 
recommend  Mr.  Fowler's  apparatus  to  the  favourable  notice  of  the  Council,  in 
consideration  of  the  skill  he  has  displayed,  the  labour  and  expense  incurred, 
and  the  degree  of  success  he  has  so  honourably  achieved. 

In  closing  this  Ke))ort,  the  Judges  desire  to  express  their  thanks  to 
Mr.  Hobbs,  for  the  facilities  so  kindly  afforded  by  him  in  the  course  of  these 
trials ;  and  for  his  liberal  hospitality  and  obliging  consideration  to  themselves, 
and  all  engaged  in  these  experiments. 

Thos.  Hubkinson.         \ 
H.  B.  Caldwell.  I  Judges  of  Field 

Clare  Sewell  Read,   i      Implements. 
Wm.  Ch  a  lob  aft.  J 
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Experiments  on  Steam  Ploughs,  with  Fowler's  Plough^  at  Boxted  Lodge, 
August,  1856. 

Length  of  furrow       606  yards. 

Width  of  land  taken  by  the  plough  (carrying  4  shares)     . .         Ij     m 


No. 
of 
Experi- 
ment. 

Time 

of 

SUrUng. 

Time 

of 

Stopping. 

Time 

ftt 
Work. 

Time 

sbiftiiig 

Anchor8»&c 

Power  taken 

as  expressed 

byRevoluUons 

of  Counter. 

1 
2 
3 
4 
5 
G 
7 
8 

h.     m.     sec. 
1     20       0 
1     29     57 
1     50     54 

1  59     25 

2  8     10 
2     15     44 
2     25     10 
2     32     21 

h.     m.     sec. 
1     26     52 
1     36     25 

1  57     28 

2  5     35 
2     14       5 
2     21     58 
2     30     55 
2     38     21 

h. 
0 
0 
0 
0 
0 
0 
0 
0 

m.    sec. 
6     52 
6     28 
6     34 
6     10 

5  55 

6  14 

5  45 

6  0 

h.      m.  sec. 
0       3       5 
0       2     17 
0       1     57 
0       2     35 
Q       1     39 
0       3     12 
0       1     26 

177-12 

177*95 

171-82 

175-3 

161-12 

190-65 

172-35 

191-63 

0 

49     58 

0     16     11 

1417-94 

h.  m.  sec 

Commenced  experiments 1  20      0  p.m. 

Finished  do 2  38  21     , , 

Time  lost  in  lacing  straps  of  dynamometer  ..      ..     0  12  12     ,, 

^  (This  occurred  in  experiment  No.  2.) 

Time  expended  solely  in  experiments 1      6    9 

Time  the  plough  moved 49*58 

Time  taken  to  shift  anchors,  &c 16-11 

Quantity  of  land  ploughed  per  hour,  3  rood  1  p.  4  yd.  =       -842  acre. 

Power  taken.    Average 21*28    horse. 

COST  FEB  ACRE. 

Cost  of  Coal. — The  consumption  of  coals,  taking  the  average 
of  the  engines  tried  at  Carlisle  in  1855,  was  5*719  lbs.  per 
horse  per  hour,  and  4  lb.  per  horse  getting  up  steam.   Hence 

11. -p.        hours.       lbs.  H.-p.       lbs.        lbs.        cwt  qr.  lbs. 

21-28  X  10  X  5*719  +  21-28  X  4  =  1302  =  11    2    14, 

say  at  206-.  per  ton,  will  cost  lli.  7j<f.  or  139ii.  for  10  hours 

working  and  getting  up  steam,  ploughing  8  •  42  acres  in  d. 

that  time =     16*56  peracre. 

Labour  and  Oil. — Engineer  at  4s.  per  day,  4  men  assbtants 

at  26\  each,  1  boy  Is.,  oil,  &c.,  1« 19*95       ,, 

TVafer.— 2  horses  at  10s. ;  2  boys  2* 17*1         ,, 

Interest  and  Wear  and  Tear, — A  farm  of  600  acres  arable  has  ^ 

1 000  to  be  ploughed  annually.    Cost  of  machinery  550/.,  at 
1 5  per  cent,  interest,  and  wear  and  tear,  82/.  10s.  =  Is.  7{</.  19*  75       , , 

«.     d. 

Kemovaly  say  once  for  16  acres,— 4  horses,  1  man,  i  day     11     0 

Engineer  and  staff  ..       6    6 

17    6     s=     lS-125     ,, 

(Size  of  fields  averaging  1 G  acres)  86-485 

=  7s.  2id.  per  acre  nearly. 
Sept.  1st,  1856.  C.  E.  AMOS. 
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XXII. — On  the  Growth  of  Wheat  hy  the  Lois  Weedon  System^  on 
the  Ruthamsted  Soil  By  J.  B.  Lawes,  r.E.S.,  F.C.S.,  and  Dr. 
J.  H.  Gilbert,  F.C.S. 

In  the  year  1849,  when  wheat  was  selling  at  5^.  per  bushel,  and 
the  "  Stout  British  Farmer  "  was  complaining  of  the  badness  of 
the  times,  and  felt  somewhat  perplexed  how  to  pay  his  rent  and 
retain  a  little  surplus,  there  appeared  a  pamphlet  entitled  ^  A 
Word  in  Season^  in  which  the  author  explained  his  method  of 
growing  wheat  year  after  year  without  manure  ;  and  he  promised 
to  those  who  would  adopt  his  system  and  follow  his  directions,  a 
profit  of  4/.,  5/.,  or  6/.  per  acre.  Of  the  numerous  essays  which 
have  been  published  on  agricultural  subjects  of  late  years,  few 
have  attracted  more  attention  than  this.  Commencing  its  career 
in  1849  as  a  pamphlet  of  less  than  twenty  pages,  it  has  since 
gone  through  edition  after  edition,  until  now,  in  1856,  we  find  the 
subject  much  extended,  and  presented  as  a  book  of  120  pages. 

In  this  little  book,  entitled  *  Lois  Weedon  Htuhandry^  the 
author,  the  Rev.  S.  Smith,  goes  into  considerable  detail  not  before 
given,  as  to  his  mode  of  growing  root  and  other  green  crept. 
But  confining  attention  for  the  present  to  wheats  it  may  be  ob- 
served, that  although  Mr.  Smith  has  from  time  to  time  made 
various  important  alterations  in  the  detail  of  the  operations  by 
which  his  system  is  to  be  carried  out,  he  has  in  no  way  deviated 
from  his  original  principle  of  growing  this  crop  year  after  year  in 
the  same  field ;  the  land  being  subdivided  into  alternate  strips  of 
crop  and  fallow,  the  portion  cropped  one  year  being  fallowed  the 
next,  and  so  on.  A  great  number  of  intelligent  agriculturists 
have  visited  the  Lois  Weedon  farm,  and,  after  an  inspection  of  the 
crops  growing  on  the  plans  there  adopted,  have  generally  been 
satisfied  that  the  produce  has  been  what  the  published  accounts 
had  stated  it  to  be.  Yet  it  is  somewhat  singular  that  those  who 
have  endeavoured  to  follow  the  directions  given,  on  other  soil% 
have  generally  been  unsuccessful. 

The  object  of  the  present  paper  is  to  give  an  acooont  of  aome 
experiments  which  have  been  in  progress  for  several  seasons  past, 
with  a  view  of  testing  the  applicability  to  the  Rothamsted  soil  of 
the  system  described  in  *  A  Word  in  Season*  And  besides  dis-» 
cussing  the  experiments  themselves,  we  propose  to  consider  some 
points  of  interest  which  the  principle  of  the  Lois  Weedon  system 
involves  ;  for  although  doubts  may  be  entertained  by  practical 
men  as  to  the  possibility  of  cultivating  large  farms  on  such  a  plan, 
it  must  still  be  admitted  that  the  results  which  have  been  obtained 
by  the  Rev.  Mr.  Smith  himself,  are  calculated  to  impress  upon  us 
most  important  lessons  regarding  the  rationale  of  admitted  agri- 
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cultural  facts  and  practices.  They  teach  us,  too,  how  great,  in 
certain  kinds  of  soil,  must  be  at  once  the  inherent  wealth  and  the 
power  of  accumulation  and  of  yielding  up  to  the  growing  crop 
the  constituents  upon  which  it  feeds. 

In  the  year  1851  about  three  acres  were  selected  for  our  pur- 
pose, in  a  field  adjoining  that  which  has  been  devoted  for  so 
m«iny  years  to  the  continuous  growth  of  wheat  with  and  without 
artificial  or  other  manures.  The  soil  of  these  fields  is  a  heavy 
loam,  with  a  subsoil  of  stiff  reddish  yellow  clay,  which  rests  upon 
chalk.  The  depth  from  the  surface  to  the  chalk  is  perhaps  never 
less  than  six  or  seven  feet,  and  frequently  twice  as  much  ;  the 
natural  drainage  is,  however,  good.  These  toils,  without  being 
of  high,  are  still  of  good  average  quality,  and  capable  of  growing 
good  wheat  crops.  They  are  well  suited,  therefore,  to  test  the 
degree  of  applicability  to  other  soils,  of  plans  proposed  for  ex- 
tensive adoption  in  the  cultivation  of  that  crop.  The  field  selected 
was  under  wheat  in  1850,  and  was  a  bare  fallow  in  1851,  prior  to 
commencing  the  Lois  Weedon  operations  in  the  autumn  of  thait 
year.  For  the  first  crop  the  land  was  ploughed  and  hanowed  in 
the  ordinary  way,  and  then  set  out  in  three  feet  strips  ;  of  these, 
every  other  one  was  sown  with  three  rows  of  wheat  a  foot  apart, 
and  the  intermediate  ones  were  le£t  diS  fallow  spaces^  to  be  prepared 
for  the  second  year's  crop  during  the  growth  of  the  first  It  will 
be  seen,  that,  as  each  strip  was  three  feet  wide,. and  as  the  three 
rows  at  a  foot  apart  would  only  occupy  two  feet,  there  were  in 
factjf(?ur-feet  fallow  spaces,  as  is  recommended  by  Mr.  Smith  in 
some  cases,  instead  of  only  three,  as  adopted  in  his  own  practice. 

The  first  sowing  was  in  September  1851,  and,  not  having  the 
special  implements  since  recommended  for  carrying  out  the  plan 
on  the  large  scale,  the  seed  was  dibbled  in,  at  a  distance  of  two  to 
three  inches  apart  in  the  rows.  One  portion  of  the  experimental 
ground  had  a  single  seed  dropped  into  each  hole,  thus  conforming, 
as  far  as  possible,  to  Mr.  Smith's  mode  of  sowing  single  seeds  at 
two  to  three  inches  apart  in  lines  made  with  his  presser ;  another 
and  larger  portion  of  the  plot  had  two  seeds  in  each  hole.  It  was 
found  that  the  one-seed  portion  took  little  more  than  half  a  peck 
of  seed  per  acre,  that  is,  half  a  peck  to  the  moiety  of  the  acre 
seeded  at  one  time.  The  Rev.  Mr.  Smith,  however,  seems  always 
to  have  calculated  upon  two  pecks  of  seed  being  used,  even  fttoogti 
sown,  as  above  described,  in  single  grains,  at  two  to  three  inches 
apart  in  the  rows.  And  although,  where  we  sowed  two  seeds  in 
each  hole,  or  twice  as  much  as  is  recommended,  we  got  on  little 
more  than  a  peck  to  the  acre,  yet  it  is  but  justice  to  Mr.  Smith 
to  state,  that  he  now  finds  a  more  liberal  seeding  necessary  for 
safety  and  security  from  blight,  to  which,  as  will  afterwards  be 
seen,  our  produce  obtained  on  this  plan  was  so  subject* 
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It  may  here  be  further  mentioned,  that  not  having  the  special 
implements — the  ^^presser  implemevt^^^  the  drill  ^^  to  drop  seed  hg 
seed  into  the  hard  channels y^  the  "  roller  implementy^  the  "  horsed 
implemejit"  and  the  "  scarifier  and  harrow  implement " — which 
are  recommended  in  Mr.  Smith's  later  editions  for  carrying  out  his 
plan  on  an  extensive  scale,  we  were  obliged  to  adopt  his  earlier 
methods,  by  which,  however,  his  records  show,  that  he  obtained  as 
good,  if  not  as  economical  results,  as  by  his  later  ones. 

Before  the  adaptation  of  special  implements,  Mr.  Smith's  plan 
comprised  "  one  double  digging,"  "  two  single  diggings,  with 
fork,"  "  pressing,  sowing,  hoeing,"  &c. 

The  following  is  a  concise  statement  of  the  operations  carried 
out  at  Rothamsted,  for  each  of  the  four  crops  respectively,  which 
have  been  obtained  in  the  course  of  this  experiment.  And  it  may 
here  be  premised,  that  one  of  the  three  acres  was,  for  the  sake  <rf 
comparison,  set  apart  for  alternate  wheat  and  summer  fallow — 
the  fallow  being  cultivated  according  to  the  common  custom  of 
the  neighbourhood. 
For  First  Crop^  1851-2:— 

Wheat,  harvest  1850;  summer  fallow  1851;  ploughed,  har- 
rowed, &c.,  in  the  ordinary  way,  and  sown  with  one  seed^  and  two 
seeds,  as  above  described,  September  1851 ;  hand-hoed  twice,  and 
weeded  as  other  crops.  Crop  foul,  poor,  and  much  blighted; 
cut  in  August  1852. 

Common  fallow  acre  all  sown  autumn  1851 ;  seed  drilled  at 
the  rate  of  about  two  bushels  per  acre,  in  rows  9  inches  apart ; 
hoed  and  weeded  as  usual.  Crop  heavy,  but  somewhat  blighted. 
For  Second  Crop,  1852-3:— 

The  fallow  intervals,  which  were  not  sown,  trenched  14  to  15 
inches  in  December  1851  ;  forked  in  spring,  and  again  before 
sowing ;  occasionally  spudded,  but  became  foul  and  crusted  over 
during  the  summer.  Seed  sown  as  for  first  crop,  October  1852 ; 
hoed  twice,  and  weeded  as  usual.  Crop  not  clean,  poor,  and 
blighted ;  cut  September  1853. 

Common  fallow  acre,  all  fallow  in  1852-3. 
For  Third  Crop,  1853-4  :— 

Stubble  of  harvest  1852,  trenched  14  to  15  inches  December 
1852;  forked  in  the  spring;  spudded  occasionally,  and  again 
forked  before  sowing.  Sown  as  above,  October  1853;  hoed 
twice,  and  weeded  as  usual.  Crop  pretty  clean,  but  poor,  and 
blighted  ;  cut  September  1854. 

Common  fallow  acre  all  drilled,  as  before ;  hoed  and  weeded  as 
usual.     Crop  very  heavy,  somewhat  blighted. 
For  Fourth  Crop,  1854-5:— 

Stubble  of  harvest  1853,  trenched  14  to  15  inches  in  winter 
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1853;  forked  in  the  spring;  occasionally  spudded,  and  scarified 
before  sowing.  Seed  sown  as  usual,  September  1854  ;  twice 
hoed,  and  weeded  as  uSual ;  moulded  up  with  the  plough  in  June. 
Crop  clean,  but  poor,  and  blighted :  cut  September  1855. 

Half  only,  of  common  fallow  acre,  drilled  as  usual  for  season 
1854-5  ;  hoed  and  weeded  as  usual.  Crop  small,  but  much  less 
blighted  than  before. 

In  the  following  Table  (I.)  are  given  the  results-r- 

Of  the  four  years*  trial  of  the  Lois  Weedon  plan  ;  one  portion 
with  "  one  seed^^  and  another  with  "  two  seede^^  in  each  hole. 

Of  the  ^^  common  fallow  ^^  acre,  drilled  with  about  two  bushels 
of  seed  per  acre. 

And,  for  the  sake  of  comparison,  the  produce  in  each  of  the  four 
years,  of  the  continuously  unmanured  and  continuously  cropped 
portion,  in  the  adjoining  experimental  field. 

This  Table  (I.)  shows,  that  in  each  of  the  four  years  a  larger 
(Top  was  obtained  where  two  seeds  were  sown  in  each  hole  than 
where  one  only  was  sown;  and  a  reference  to  the  weight  per 
bushel,  proportion  of  offal  com,  and  proportion  of  com  to  straw, 
will  show  that  the  ^^  two-seed^*  crop  was  also  invariably  somewhat 
better  as  to  quality.  As  before  observed,  however,  it  is  only  due 
to  the  Rev.  Mr.  Smith  to  say,  that  "/(?r  the  sake  of  the  sample  and 
for  safety  sake^^  he  now  recommends  the  seed  to  be  sown  thicker 
than  he  did  formerly ;  though  even  in  the  later  editions  of  the 
'  IVord  in  Season,*  he  still  advised  that  the  seed  should  be  dropped 
singly,  at  two  to  three  inches  apart  in  the  rows.  But,  even  with 
the  tico  seeds,  the  crop  is  in  every  case  quite  insignificant ;  and  it 
should  be  noticed  that  it  is  only  in  the  first  year — that  is,  before 
the  subsoil  was  brought  up — that  this  thin  dibbled  crop  was 
larger  than  the  comparatively  thickly  drilled  one  on  the  con- 
tinuously cropped  and  continuously  unmanured  plot  in  the  ad- 
joining field.  Further,  comparing  the  best  of  the  two,  namely 
tlie  two-seed  crop,  with  the  drilled  one  after  common  fallow,  we 
find  that  the  latter  in  each  year  gives  from  twice  to  thrice  the 
amount  of  produce  of  the  former. 

With  regard  to  the  drilled  crop  on  the  common  fallow,  it  should 
be  remarked  that,  in  the  first  season  (1851-2),  the  whole  acre  was 
sown ;  in  the  second  season  the  whole  acre  was  fallow ;  and  in 
the  third  the  whole  was  again  sown.  But,  as  this  plan  only  gave 
a  c  rop  for  comparison  every  other  year,  the  plot  was  divided  into 
two  portions  after  the  harvest  of  1854,  which  were  to  be  cropped 
or  fallowed  alternately.  Comparing  together  the  produce  of  this 
common  fallow  portion,  with  that  of  the  continuously  unmanured  plot 
in  the  adjoining  field,  we  see  that,  in  1852,  the  common  fallow 
gives  nearly  three  times  the  most  produce;  in  1854  it  gives  rather 
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more  than  twice  as  much  ;  and,  a»  we  shali  see  in  the  next  Table, 
ill  1856,  it  gave  once  and  a  half  as  much  as  the  centinuousiy 
cropped  and  continuously  unmanured  plot 

In  contrast  to  these  very  marked  effects  of  fallow^  it  is  inte- 
resting to  observe^  that  when  in  1855  this  common  fallow  plot  gfrew 
wheat  afifir  wheats  the  produce  was,  within  half  a  bushel  of  com 
and  within  half  a  hundredweight  of  straw,  the  same  as  was 
obtained  on  the  continuously  unmanured  plot  of  the  adjoining 
field  in  that  same  season,  which  was  the  twelfth  in  succession  of 
wheat  on  that  plot  So  perfect  aa  illustration  could  hardly  have 
been  expected,  of  the  fact  of  the  equal  wheat^growing  conditien  to 
which  these  two  adjoining  fields  were  reduced  by  the  growth  ef 
the  crop ;  or,  what  is  the  same  thing,  of  the  absolutely  equal 
condition  for  practical  purposes,  to  which  t^ese  two  soils  were 
brouglit^  in  relation  to  the  climatic  resources  of  growth  of  one  and 
the  same  season. 

Lastly,  in  regard  \o  these  effects  of  fallow^  it  may  be  noticed 
that  in  no  case  is  the  amount  of  produce  found  to  be  equal 
simply  to  the  sum  of  the  continuous  unmanured  produce  of  the 
season  of  the  fallow  and  of  that  of  the  succeeding  crop*  That  is 
to  say,  the  prodttce  after  faUaw  is  not  simply  the  produce  of  that 
particular  season,  taken  together  with,  that  of  the  immediately 
preceding  season.  It  is  the  result,  not  only  of  the  unexpended 
resource  of  the  fallow  year,  and  of  the  resources  (atmospherie 
and  terrestrial)  of  the  actual  season  of  growth,  but  there  is 
also  an  efiect  of  the  season  of  growth  (whether  for  increase  or 
dec  rease),  reacting  itself  upon  a  two  years'  resource ;  and  conse- 
quently, throughout  the  season,  upon  a  different  stage  of  progress 
and  area  of  food  collectors  of  the  growing  plant  Or,  the  differ- 
ence between  the  actual  produce  after  fallow  and  the  simple  sum 
of  the  produce  of  the  two  years  may  further  depend  upon  the 
more  or  less  favourable  adaptation  of  season  as  regards-  the 
licaltluj  development  of  the  crop,  as  distinguished  from  the  mer$ 
amount  of  the  available  resources  6f  the  soil  and  seasons. 

But  with  this  very  marked  increase  of  crop  as  the  result  of 
the  common  fallow,  how  is  it  that  the  more  expensive  processes  of 
trenching  and  forking,  with  the  thinner  seeding,  Ae.,  which  on 
the  soil  at  Lois  Weedon  yielded  such  excellent  results,  have  on 
the  Rothamsted  soil  been  so  ineffective  ? 

Undoubtedly  the  too  thin  seeding  has  been  one  cause  of  this. 
It  is  also  certain  that  the  same  amount  of  labour  expended  upon 
the  Rothamsted  soil  as  upon  the  Lois  Weedon  one,  was  quite 
inefficient  to  get  the  same  amount  of  staple  and  of  exposure  of  sur- 
face to  atmospheric  influences.  It  may  be  bere  stated,  however, 
that  the  trenching  at  Rothamsted  cost  on  the  average  about  once 
and  a  half  as  much  as  is  estimated  by  Mr.  Smith.     It  is  granted 
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too,  that  the  more  recent  recommendation,  namely,  that  of 
moulding  up  the  growing  crop  in  June,  was  only  adopted  in  the 
last  year  of  the  experiment  (1855),  and  then  with  little  effect 
But  as  the  earlier  recorded  success  at  Lois  Weedon  was  obtained 
without  this — however  great  the  improvement,  as  undoabtedly 
it  is — it  certainly  was  not  an  essential  in  the  original  plan. 

With  these  unfavourable  circumstances  admitted  then,  we 
again  ask,  what  is  the  rationale  of  the  failure,  which  these  di^ 
cumstances  have  had  their  share  in  causing  ?  Was  the  available 
mineral  food  for  the  crop  deficient  in  this  tumed-up  raw  cky 
subsoil,  with  the  good  upper  staple,  weathered  perhaps  for  cen- 
turies, now  turned  below  for  the  descending  roots  to  play  in? 
Or,  was  it  rather  that  the  upper  staple  being  now  buried,  or 
much  intermixed  with  the  subsoil,  there  was  rendered  available 
from  its  own,  and  from  fresh  atmospheric  resources,  less  of  the 
normally  atmospheric  food  of  the  crop ;  and  that  the  raw  sub- 
soil, but  recently  exposed  to  direct  atmospheric  influences, 
was  able,  so  to  speak,  to  prepare  for  the  plant,  and  to  accumulate 
for  it  in  an  available  form,  also  less  of  the  normally  atmospheric 
food  of  plants  ? 

On  communicating  our  failure  after  four  years'  trial  to  the 
Kev.  Mr.  Smith,  he  suggested  the  probability  that  it  was  due  to 
a  want  of  a  sufficient  amount  of  the  mineral  constituents  of  the 
wheat-plant  being  rendered  soluble  and  available ;  and  that,  in 
this  case,  the  requisite  supply  of  mineral  matter  should  be  made 
up  by  manure ;  believing  that  then,  the  soil  having  become 
pulverised  and  porous,  there  would  be  an  abundant  supply  of 
orpanic  substance  provided  by  the  atmosphere. 

That  the  soil  in  question  was  not  relatively  deficient  in  soluble 
and  available  mineral  food,  and  that,  under  certain  circum- 
stances, there  was  provided  an  abundant  supply  of  organic  food 
for  a  very  much  larger  crop,  was  proved  much  more  conclusively  by 
the  produce  of  the  common  fallow  acre  than  any  analysis  of  the 
soil  could  prove  it.  To  test,  however,  in  another  way,  what  was 
the  nature  of  the  deficiency  of  the  two-acre  plot,  trenched  to  a 
depth  of  14  to  15  inches  and  afterwards  forked,  it  was,  after  the 
harvest  of  1855,  divided  into  four  portions,  in  such  a  manner  that 
each  of  the  four  had  an  equal  proportion  of  the  trenched  and  forked 
fallow  and  of  the  stubble  ground.  The  whole  was  then  ploughed 
and  prepared  for  sowing  in  the  ordinary  way :  one  portion  was 
left  unmanured,  the  second  received  mineral  manure  only,  the 
third  ammoniacal  salts  only,  and  the  fourth  both  mineral  con- 
stituents and  ammoniacal  salts.  All  four  of  the  plots,  together 
with  half  of  the  common  fallow  acre  by  their  side,  were  then 
drilled  with  about  two  bushels  of  seed  per  acre  in  the  ordinary 
way. 
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In  the  following  table  are  given  the  results  of  this  experiment, 
obtained  in  the  season  1855-6  just  passed.  For  the  sake  of  com- 
parison, there  is  first  given,  in  the  upper  portion  of  the  table,  the 
average  annual  result  for  the  four  previous  years,  of  the  "  one  seedy  ^ 
of  the  "  ttoo  seedy*  and  of  the  "  drilled  common  fallow'**  plots ;  and 
also  the  average  for  the  same  years,  of  the  continuously  unmanured 
plot  in  the  adjoining  field.  And,  in  the  lower  portion  of  the  table, 
is  given  the  produce  at  the  last  harvest  (1856),  in  the  adjoining 
field  (where  wheat  is  grown  year  after  year  without  or  with  similar 
manures  successively),  of  the  continuously  umnanured  plot,  and  of 
the  plots  having  the  same  manures  as  those  now  applied  to  the 
Lois  Weedon  plots.  The  manuring  of  the  plots  was,  per  acre, 
as  under: — 

1.  Unmanured, 

2.  Mineral  Manures  only, 

300  lbs.  sulphate  of  potash. 
200    „  „        soda. 

100    „  „        magnesia. 

200    „  calcmed  bone.  | 

150    „  sulphuric  acid  (brown). ) 

3.  Ammonia  Salts  only.  :.  .' 

200  lbs.  sulphate  of  ammonia. 
200    „   muriate  of  ammonia. 

4.  Minerals  and  Ammoniacal  SaUs. 
300  lbs.  sulphate  of  potash. 


200 

>i 

„         soda. 

100 

99 

„         magnesia. 

200 

if 

calcined  bone. 

150 

99 

sulphuric  acid  (brown) 

200 

99 

sulphate  of  ammonia. 

200 

99 

muriate  of  ammonia. 

Looking  at  the  middle  division  of  the  table,  which  shows  the 
effects  of  manures,  &c.,  on  the  trenched  and  forked  land,  and  also 
the  produce  on  the  common  fallow  portion,  it  must  be  borne  in 
mind  that,  in  point  of  fact,  rather  more  than  half  of  the  former 
was  fallow,  and  less  than  half  of  it  under  crop,  in  the  previous  year ; 
and  that,  moreover,  smaller  amounts  of  produce  hsid  been  taken 
from  this  than  from  the  common  fallow  portion  during  the  four 
previous  years.  In  comparing,  therefore,  the  produce  now  ob- 
tained by  thicker  sowing,  manure,  &c.,  on  this  land  with  that  on 
the  common  fallow  plot,  we  must  remember  that  the  former  was 
also  in  great  part  fallowed,  and  that  the  whole  of  it  was  less 
exhausted  by  previous  cropping  than  the  common  fallow  portion. 
Keeping  this  in  mind,  it  is  seen  that  the  unmanured,  trenched, 
and  part-fallow  portion,  gave  within  a  bushel  as  much  corn,  and 
actually  a  few  pounds  more  straw  and  more  total  produce  than  the 
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common  fallow.  It  is  evident,  therefore,  that  the  less  produce  on 
the  trenched  portion  in  the  previous  years,  was  in  greater  measure 
due  to  the  thin  seeding  on  the  comparatively  poor  and  raw  tumed- 
up  subsoil,  than  to  any  relative  deficiency  or  want  of  available 
condition  of  the  food  of  the  plant  within  the  soil — provided  only 
that  a  sufficiently  healthy  early  development,  and  a  sufBciently 
wide  distribution  of  the  underground  feeders  of  the  crop,  were 
but  obtained. 

Taking  the  produce  of  this  unmanured  portion  thus  explained, 
as  the  standard  by  which  to  compare  the  effects  of  manures  on 
land  in  the  same  condition,  we  find  that — 

"  Mineral  manures  only " — gave  an  increase  of  not  quite  2i 
bushels  of  total  corn,  and  of  only  284  lbs.  of  straw. 

"  Ammoniacal  salts  only  " — ^gave  an  increase  of  about  15  bushels 
of  total  com,  and  of  1695  lbs.  of  straw. 

'*  Minerals  and  ammoniacal  salts  " — gave  an  increase  of  rather 
more  than  20  bushels  of  com,  and  of  2757  lbs.  of  straw. 

These  striking  results  can  leave  no  doubt  that  the  mineral 
supplies  in  the  soil  in  question  were  far  in  excess  over  the  avail- 
able and  assimilable  nitrogen.  A  comparison,  too,  of  the  middle 
and  the  lowest  divisions  of  the  Table  will  show  that,  if  we  take  into 
consideration  the  very  different  condition  of  the  land  in  the  two 
cases,  the  effects  of  these  manures  on  the  Lois  Weedon  or  trenched 
plots,  were  perfectly  consistent  in  kind  (though  of  course  not  equal 
in  degree)  with  those  of  the  same  manures  in  the  adjoining  field, 
where  they  have  been  applied,  and  the  crop  has  been  grown,  for 
many  years  in  succession. 

Hundreds  of  other  experiments,  and  the  whole  range  of  recorded 
agricultural  experience,  conspire  to  show,  that  in  ordinarily  cropped 
and  cultivated  soils,  the  available  mineral  supplies  are  generally 
in  excess  relatively  to  the  available  supply  of  nitrogen  of  the  soil 
and  season,  in  the  case  of  the  wheat  crop  :  in  fact  that,  excepting 
in  cases  of  very  special  and  unusual  exhaustion  of  the  mineral  or 
soil -proper  constituents,  the  direct  supply  of  them  by  manure  for 
wheat  does  not  increase  the  crop  in  any  practicable  and  agricul- 
tural degree,  unless  there  be  a  liberal  provision  of  available  and 
assimilable  nitrogen  within  the  sail.  The  results  given  above  are 
a  remarkable  illustration  of  this.  Thus,  when  the  mineral  con- 
stituents alone  were  added  to  this  part  fallow  and  only  part  crop- 
exhausted  land,  they  gave  an  increase  of  only  438  11m.  of  total 
produce ;  but  when  the  same  mineral  constituents  are  added  to 
the  same  soil  w^ith  ammoniacal  salts,  the  increase  over  and  above 
that  by  ammoniacal  salts  alone  is  1368  lbs.,  instead  of  only  438  lbs. 
Here,  too,  is  a  sufficient  incidental  proof  that  the  minerals  were 
added  in  an  available  form  ; — indeed,  that  they  only  required  suffi- 
cient available  nitrogen  within  the  soil  to  yield  a  larger  crop  than 
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would  be  obtained  in  the  average  of  seasons  on  such  soil  by  the 
ordinary  means  of  farming. 

But  turning  now  from  the  effect  of  the  mineral  constituents  to 
that  of  assimilable  nitrogen  in  manures,  we  have  in  these  simple 
experiments  the  best  answer — namely,  that  of  direct  contrary 
fact — to  those  who  would  endeavour  to  persuade  the  farmer,  that 
'  because  the  soil  itself  contains  hundreds  of  times  more  nitrogen 
than  the  largest  crop  of  wheat,  therefore  the  comparatively  small 
.quantity  which  is  added  in  an  ordinary  dressing  of  manure  can 
have  little  or  no  effect.  We  shall  recur  to  the  subject  of  the 
nitrogen  in  soils  further  on,  should  our  allotted  time  permit  it.  In 
the  mean  time  let  it  be  prominently  noted,  that  whilst  the  minerab 
alone  gave  a  total  increase  of  only  438  lbs.,  the  ammoniacal  saUs 
•alone  gave  2573  lbs.  of  increase  I  And  again,  whilst  the  addition 
of  minerals  to  ammonia  gave  an  increase  of  1368  lbs.,  the  addi- 
tion of  ammonia  salts  to  minerals,  on  the  other  hand,  gave  an 
increase  of  3503  lbs.  I 

There  can  now  be  little  difficulty  in  deciding,  that  it  was  no 
deficiency  of  available  mineral  food  merely,  which  prevented  the 
plant  for  itself,  or  the  soil  in  the  first  instance  for  it,  from 
acquiring  a  sufficiency  of  available  and  assimilable  organic  con- 
stituents for  the  growth  of  a  very  much  larger  crop  than  was  in 
fact  obtained  from  this  expensively  cultivated  land.  It  was,  on 
the  other  hand,  notwithstanding  the  *^  inexhaustible  "  supplies  of 
.the  atmosphere,  and  notwithstanding  the  enormous  amount  of 
nitrogen  in  the  soil  in  some  form — it  was,  notwithstanding  these 
— a  deficiency  of  available  and  assimilable  nitrogen  within  the  sail^ 
which  restricted  the  full  action  of  the  obviously  available  minerals, 
and  which  hence  restricted  the  produce  also,  to  an  amount  below 
the  average  of  farming.  Whilst,  only  make  up  this  deficiency  of 
available  nitrogen,  and  the  produce  is  increased  to  once  and  a 
half  or  twice  as  much. 

It  appears,  then,  that  the  same  means  which  afforded  the  Rev. 
Mr.  Smitli  his  early  success  on  the  soil  at  Lois  Weedon,  were 
quite  incompetent  to  yield  a  similar  result  on  the  soil  at  Rotham- 
sted.  Nay,  these  same  means,  notwithstanding  that  in  our  case  they 
were  much  more  costly  than  either  Mr.  Smith  had  found  them,  or 
than  the  common  fallow  which  we  tried  by  their  side,  did  not 
even  attain,  for  the  Kothamsted  soil,  those  mechanical  conditions, 
without  which  the  necessary  action  between  soil  and  atmosphere 
could  not  be  expected  to  take  place.  We  think  it  indeed  very 
doubtful  whether,  even  if  all  the  more  recent  improvements  in 
the  plan  could  have  been  fully  carried  out  at  Kothamsted,  a 
result  would  have  been  obtained  there  at  all  equal  to  that  at  Lois 
Weedon.  Certain  it  is,  that  soils  and  subsoils,  which  may  equally 
be  included  as  "cfaycy"  or  "  /leavi/"  or  *' loamg^^^  vaiy  almost 
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infinitely  in  degree,  in  physical  character  and  texture,  and  in 
chemical  qualities,  under  the  influence  of  similar  management 
and  of  equal  climatic  circumstances.  We  think,  therefore,  that 
considerable  caution  shojuld  be  exercised  in  the  application  to 
various  descriptions  of  land,  of  plans  which  peculiarly  rely  for 
their  success  on  qualities  of  soil  which  are  admittedly  so  variable 
in  the  degree  of  their  activity. 


Leaving  the  question  of  the  field-experiments,  let  us  now  turn  to 
a  brief  consideration  of  some  points  of  great  practical  interest  and 
importance,  which  a  careful  study  of  the  relations  of  soil  and 
atmosphere  to  produce,  and  of  the  success  at  Lois  Weedon,  can- 
not fail  to  suggest. 

The  main  peculiarity  of  the  Lois  Weedon  system  of  growing 
wheat  is,  that  it  develops  to  the  utmost  (chiefly  by  mechanical 
means),  and  relies  exclusively  upon,  the  resources  of  the  soil  and 
atmosphere,  without  the  aid  of  manure  :  that  is  to  say,  it  is 
sought,  by  the  means  employed,  so  to  increase  the  depth  of 
staple,  and  the  area  of  distribution  of  the  underground  feeders  of 
the  crop,  and  so  to  increase  the  surface  annually  exposed  to 
climatic  influences,  as  to  cause,  not  only  a  greater  annual  libera- 
tion of  mineral  constituents  from  the  otherwise  locked-up  stores 
of  them  in  the  soil  itself,  but  also  a  greater  accumulation  and 
elaboration,  throughout  its  more  porous  and  root-searching  area, 
of  the  normally  atmospheric  food  of  plants,  and  particularly  of 
nitrogen,  in  an  available  and  assimilable  form. 

Tiie  principle  of  relying  upon  the  stores  of  the  soil  alone, 
without  return,  for  the  mineral  food  of  successive  crops,  is  directly 
opposed  to  that  laid  down  for  the  guidance  of  the  agriculturist 
in  the  last  number  of  this  Journal  by  Baron  Liebig.  He 
says  : — 

"  Their  heavy  crops  will  jjerhaps  not  be  rendered  heavier  by  the  restoTation 
of  all  the  mineral  constituents,  but  they  will  at  all  eventa  be  rendered  per^ 
'nmnent.  Wa  shall  never  have  a  rational  agriculture  until,  by  such  experi- 
ments, the;  law  of  the  fertility  of  the  soil,  in  reference  to  time,  has  been  brought 
home  to  the  minds  of  agriculturists." — Journal^  p.  313. 

The  conclusion  of  the  Rev.  Mr.  Smith,  looking  from  the 
practical  as  well  as  the  scientific  side  of  the  question,  goes  rather 
in  a  different  direction.     He  says  to  his  readers : — 

'^  The  assertion  is,  that,  on  wheat  land, — that  is,  on  the  great  majority  of 
clays  and  heavy  loams, — no  manure  is  required  for  wheat  on  this  plan,  since 
its  food  in  abundance  is  there  already." — Zois  Weedon  Husbandry^  pp.  102-3. 

And  again  (ibid.  103-4),  referring  to  chemists,  he  says  to  his 
readers  : — 
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"  Ask  them  plainly,  whether  the  soil  and  subsoil  of  clays  and  loams^  gene- 
rally though  not  universally,  do  or  do  not  contain  all  that  is  wanted  is 
mineral  food  for  the  wheat  ?  Ask  them,  further,  whether  tillage,  and  pul- 
verisation, and  gradual  exposure,  and  annual  fallows,  will  not  rmder  solnUa 
a  sufficiency  of  tliese  substances  for  your  annual  need  ?  If  they  reply,  *  Yei,' 
but  demur  to  the  plan,  and  add,  tliat  in  time  it  will  exhaust  the  capital  of 
the  land, — ask  them  once  more,  '  In  how  long  a  time  ? '  And  if  they  answer, 
'  Why,  in  some  cases,  in  a  thousand  years  or  more,  in  others  five  hundred,  and 
in  some  a  hundred  ;*  your  rejoinder  must  bo  a  smile  ;  for  you  would  surely  feel, 
that  even  a  hundral  years*  8Ui)i)ly  should  satisfy  living  man." 

Baron  Liebig,  in  the  article  above  referred  to,  also  indigo 
nantly  repudiates  the  notion  that  the  cause  of  the  efficacy  of 
fallow  is  to  be  looked  for  in  the  increase  of  the  amount  of 
ammonia  in  the  soil,  or  that  any  specially  predominant  influence 
was  to  be  ascribed  to  the  ammonia  which  the  soil  acquires  in 
fallow.  The  Rev.  Mr.  Smith,  on  the  other  band,  speaking  of 
the  ^^  organic^^  food — ''  carbonic  and  nitric  acid  and  ammonia" 
— asks,  ''  do  not  the  pulverised  intervals  of  the  wheat,  in  the 
annual  fallow,  absorb  and  retain  it  for  use?" 

It  is  rather  curious,  that,  with  such  vital  inconsistencies  of 
principle  and  opinion,  the  wheat-growing  operations  and  success 
at  Lois  Weedon,  and  Mr.  Smith's  interpretation  of  them,  should 
frequently  have  been  brought  forward  in  confirmation  of  the 
peculiar  views  of  Baron  Liebig.  The  means  by  which  Mr. 
Smith  obtains  his  large  crops  of  roots  also,  have  recently  been 
adduced  *  as  refutation  of  the  views  on  such  points  emanating 
from  Kothamsted.  But  the  writer  in  question  appears,  aa  the 
rul^,  to  misstate  the  extent  and  bearing  of  every  conclusion,  and 
even  fact,  which  may  happen  to  come  from  Rothamsted.  For 
our  own  part,  careful  observation  and  inquiry  on  more  than  one 
visit  to  the  spot,  as  well  as  the  perusal  of  Mr.  Smith's  publica- 
tions, lead  us  to  say,  that  we  know  of  no  experience  more  cal- 
culated to  confirm  the  opinions  we  have  held  in  this  Journal 
regarding  the  requirements  of  growth  of  full  crops  of  wheat  on  the 
one  hand,  and  of  roots  on  the  other,  than  that  at  Lois  Weedon. 

But  to  return.  The  question  is  of  vital  importance  to  prac- 
tical agriculture,  however  little  it  may  interest  or  affect  the 
researches  of  "  chemists  and  men  of  science,'' — what  is  the  cha- 
racteristic nature  of  the  exhaustion  induced  by  the  growth  of  the 
most  important  cn>p  of  the  farm  ?  And,  we  may  add, — whether 
or  not  soils  generally,  or  soils  of  any  particular  class,  are  compe- 
tent, without  injury,  to  sustain  an  annual  extraction  of  mineral 
constituents,  and  to  liberate,  or  (either  by  themselves  or  by  the 
plants  growing   on  them)   newly  to  acquire   from   the   atmos- 
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phcre,  a  sufficiency  of  nitrogen  for  full  crops,  in  an  available  and 
assimilable  form  ? 

Certainly,  if  we  were  to  rely  upon  the  mean  results  of  the 
42  analyses  referred  to  by  Baron  Liebig  (in  the  last  Number 
of  this  Journal)  in  illustration  of  the  amount  of  nitrogen  con- 
tained in  soils,  we  should  be  led  to  conclude  that  many  soils, 
at  least,  had  enough  of  the  mineral  constituents  of  our  crops  for 
thousands  of  years,  under  the  ordinary  practices  of  rotation^ 
and  for  hundreds  of  years  of  the  growth  of  wheat  on  the  Lois 
Weedon  system.  Almost  all  other  published  analyses  of 
soils  would  lead  to  a  similar  conclusion ;  in  fact,  we  know  o£ 
scarcely  any  that  would  not  It  must  be  freely  confessed,  how- 
ever, tiiat  the  methods  by  which  soils  have  hitherto  generally 
been  analysed,  have  proved  themselves,  in  their  results,  to  be  little 
fitted  to  afford  the  information  for  which  the  analyses  were 
undertaken.  Nevertheless,  judging  from  the  whole  of  the  evi- 
dence of  this  kind  at  command,  it  may  perhaps  safely  be  con- 
cluded that,  excepting  the  one  constituent  phosphoric  acid, 
the  greater  proportion  of  soils  which  are  termed  "  heavy^* 
"  clayey ^^  or  "  loamy ^^  do  contain^  within  a  workable  depth,  a 
sufficiency  of  mineral  constituents  for  thousands,  or  hundreds,  of 
years,  as  above  supposed.  It  is,  however,  by  no  means  so  clear, 
that  many  of  them  would  not  fall  short  rather  in  anrmal  liberation 
in  available  form^  than  in  actual  percentage  amount  of  the  neces- 
sary mineral  constituents.  Indeed,  there  is  evidence  enough 
in  agricultural  experience  to  show  that,  although  the  ordinary 
practice  of  rotation  leaves,  in  most  soils,  a  balance  of  available 
mineral  constituents,  and  therefore  demands  a  supply  of  nitrogen 
from  without,  yet,  with  this  supply  alone^  the  point  of  the  re- 
quirement of  more  immediately  available  mineral  constituents 
for  full  and  healthy  crops  is  in  its  turn  frequently  soon  arrived 
at.  In  fact,  it  is  the  ''  condition,^^  both  as  regards  mineral  and 
nitrogenous  supplies,  rather  than  the  actually  existing  amount  of 
them  in  the  soil,  that  becomes  defective.  And  in  the  lighter  soils 
more  especially  it  is,  that  the  conditioneA  regards  the  mineral  coo^ 
stituents  of  our  crops,  or  t\\e  floating  capital  so  to  speak,  both  bears 
a  much  larger  proportion  to  the  available  stcH'es  of  the  soil  itself, 
and  is  more  dependent  on  restoration  or  supply  from  without. 

In  Mr.  Smith's  "  heavy  land^^  with  its  clayey  subsoil  intern- 
mixed,  disintegrated,  and  well  weathered  (and  perhaps  even  in 
his  "  liyht  land,''  with  its  dressing  of  marl),  it  is  quite  clear, 
from  the  continued  good  results,  that  the  annually  available 
mineral  supply,  or  the  mineral  condition^  is  not  at  present  im- 
paired ;  nor,  so  far  as  existing  knowledge  of  such  matters  can  be 
relied  upon  at  all,  need  Mr.  Smith  be  alarmed  lest  the  dormant 
stores,  at  least  of  his  heavy  soil,  should  not  last  the  century 
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which,  he  says,  should  satisfy  living  man.  And  it  should  be 
borne  in  mind,  that  the  resources  of  the  soil  are  not  to  be  spoken 
of,  as  some  are  wont  to  do,  as  sufficient  for — say  fifty  or  a  hun- 
dred crops,  and  to  be  cleared  off  to  the  zero  point  at  pleasure,  in 
half  or  double  the  number,  accordingly  as  the  soil  is  supplied  witii 
other  elements  of  growth.  Whatever  the  actual  stores  of  the  soil, 
they  are  only  little  by  little  available  ;  and  it  is  not  easy  to  sup- 
pose that  a  heavy  soil,  yielding,  under  proper  management, 
annually  enough  for  large  crops  over  a  continuous  series  of 
years,  does  not  contain  a  correspondingly  enormous  store  in  the 
dormant  state.  Whether,  however,  the  same  soil  would  annually 
yield  an  equal  supply  of  available  minerals  if  its  surface  were 
less  exposed  to  weathering  influences,  and  the  required  nitrogen 
for  full  crops  were  provided  by  manure,  is  quite  another 
question. 

But  now  let  us  turn,  as  briefly  as  possible,  to  a  consideration 
of  the  nature  of  the  evidence  which  analysis  affords,  of  the 
amount  of  nitrogen  contained  in  soils,  and  then,  equally  briefly, 
to  a  review  of  some  of  the  circumstances  which  seem  to  have 
their  share  in  the  production  of  the  large  annual  crops  of  wheat, 
without  manure,  at  Lois  Weedon. 

As  is  well  known,  in  1843  Baron  Liebig  laid  more  stress  than 
formerly  on  the  sufficiency  of  the  assimilable  supplies  of  nitrogen 
in  the  atmosphere ;  and  a  few  years  later,  after  having  before 
him  the  analyses  of  a  number  of  soils  made  in  his  laboratory  by 
Dr.  Krocker,  he  superadded  to  the  argument  of  the  inexhausti* 
bility  of  the  supplies  of  the  atmosphere,  that  of  the  large  amount 
of  nitrogen  contained  in  soils  themselves,  to  show  that  little  or 
no  effect  could  be  attributed  to  the  small  proportion  which  is 
added  in  an  ordinary  dressing  of  manure ;  and  to  this  he  now 
adds,  still  more  emphatically,  in  reference  to  fallow,  that  the  accu- 
mulation of  ammonia  in  the  soil  in  one  year  has  no  influence  on 
the  crop  in  the  succeeding  year.  With  regard  to  the  amount  of 
nitrogen  in  the  soil,  we,  in  1847,  alluded  to  this  point,  and  gave 
the  percentage  obtained  by  analysis  of  the  surface-soil  of  the 
field  upon  which  our  experiments  on  wheat  were  being  con- 
ducted. The  necessary  distinction  to  be  drawn  between  the  im^ 
mediately  available  and  the  actually  existing  contents  of  the  soil, 
as  above  referred  to,  was,  however,  too  obvious  to  allow  a  mo- 
ment's scepticism  as  to  the  influence  of  the  small  proportions  of 
available  nitrogen  which,  in  our  experiments,  we  superadded  in 
manure.  On  this  point,  however,  as  it  is  very  important  to  the 
farmer  that  he  should  be  satisfied  respecting  it,  we  cannot  do 
better  than  quote  the  replies  to  this  argument  of  Baron  Liebig 
by  M.  Boussingault,  and  by  M .  Kuhlmann  ;  to  the  latter  of  whom 
Baron  Liebig  dedicates  the  fuller  version  of  his  paper  in  the 
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last  number  of  this  Journal,  which  is  published  as  an  inde- 
pendent work  in  Germany. 

M .  Boussingault  sajs, — 

''  Latterly,  M.  Liebig  has  sought  to  establish  that  the  mineral  matters,  the 
alkaline  salts,  are  the  only  efficacious  agents  of  manures,  supporting  this 
assertion  by  analyses  which  indicate  in  arable  land,  even  when  unmanured,  a 
considerable  proportion  of  ammonia ;  from  which  it  has  been  concluded  that,  as 
the  soil  always  contains  a  more  than  sufficient  amount  of  nitrogenized  matters, 
there  is  no  necessity  to  supply  them  to  it.*  " 

And  further, — 

"  This  alkali  was  determined  by  calcinine  the  soil  with  a  mixture  of  soda 
and  lime.  We  know  that,  by  this  method,  the  nitrogenized  substances  are 
transformed  into  ammonia ;  but  the  process  does  not  enable  us  to  decide 
whether  this  ammonia  was  entirely  formed  in  the  matter  examined.  In  fact,  a 
soil  might  furnish  by  analysis  a  very  large  proportion  of  thfe  volatile  alkali, 
and  yet  we  might  not  be  justified  in  affirming  that  it  contains,  I  will  not  say 
this  alkali  alreatly  formed,  but  even  putrescible  nitrogenized  substances,  that 
is  to  say  those  which  are  efficacious  in  vegetation.  Thus  we  might  extract 
from  a  soil  abounding  in  peaty  d^ris,  from  a  bituminous  schist,  large  quanti- 
ties of  ammonia,  without,  on  that  account,  being  sure  of  obtaining  advantageous 
crops  from  such  soils. 

"  However,  it  is  according  to  the  determinations  of  nitrogen,  that  M.  Liebig 
states  that  a  hectare  of  arable  land,  taken  to  a  depth  of  25  centimetres,  con- 
tains, not  the  elements  of  ammonia,  but  2000  to  10,000  kilogrammes  of 
ammonia  itself;  a  result  presented  as  an  objection  against  the  necessity  of  the 
employment  of  nitrogenized  manures.  M.  Eulhmann  has  remarked,  with 
reason,  that  there  is  an  answer  to  this  objection  in  the  facta  themselves,  and  it 
is,  that  a  hectare  of  land  may  contain  enough  of  nitrogen  held  in  stable  com- 
binations to  represent  as  much  as  10,000  kilogrammes  of  ammonia,  and 
nevertheless  give  meagre  crops,  whilst,  if  dressed  with  250  kilogrammes  of 
ammonia  in  the  form  of  manure,  it  will  yield,  after  cultivation,  a  satisfactory 
produce."  f 

*  ''  Dans  ces  demiers  temps,  M.  Liebig  a  cherch^  k  ^tablir  <^ae  les  matins 
mincrales,  les  sels  alcalins,  sent  les  seuls  agents  efficaces  des  engrais,  en  appuyant 
cette  assertion  sur  des  analyses  qui  indiqueraient  dans  la  terre  arable,  alors  mdme 
qu'elle  n'est  pas  fumee,  une  forte  proportion  d'ammoniaque ;  d'oii  ron  a  conda 
que  le  sol  coutenant  toujours  une  dose  pins  que  suffisante  de  mat^riaux  azot^  U 
n'y  a  pas  lieu  de  lui  en  foumir." — Economie  Rwrcde,  tome  ii.  p.  77. 

t "  On  a  dose'  cet  alcali  en  calcinant  la  terre  avec  on  melange  de  sonde  et  de  chaoz. 
On  sait  que,  par  cette  methode,  les  substances  azotes  sont  transform^  en  ammo- 
niaque ;  mais  le  procede  ne  permet  pas  de  d^ider  d  oette  ammoniaque  ^tait  toute 
formee  dans  la  matit^re  examine.  En  effet,  une  terre  pourrait  fonniir  k  Fanalyie 
une  tres-forte  proportion  d*alcali  volatil,  sans  ^ue  ponr  ceia  an  flit  en  droit  d'affirmer 
qu'elle  coutieut,  je  ne  veux  pas  dire  cet  alcali  tout  constitu^  mais  mdme  des  sub- 
stances azote'es  putrescibles,  c'est-k-dire,  efficaces  dans  la  v^^tion.  Ainsi,  on 
extrairait  d'un  sol  abondant  en  d^ris  toarbeox,  d'un  Schiste  bitnmineox,  de  fortes 
quantites  d'ammoniaque,  sans  que,  poor  oela,  on  soit  assure'  deretirerde  semblables 
terrains  des  recoltes  avantageuses. 

''  Cependant,  c'est  d'apr^  des  dosages  d'asote,  que  M.  liebig  trouve  qu'un  hec- 
tare de  terre  arable,  sur  une  profondeur  de  25  centimMres,  contient,  non  pas  les 
elcmens  de  I'ammoniaque,  mais  2000  k  10,000  kilog.  d'ammoniaqne  en  nature, 
rdsultat  prcsente  comme  une  objection  centre  la  ndcessit^  de  rinterrention  des 
engrais  azotes.  M.  Kulhmann  a  hSx  remarquer,  avec  raison,  qa'il  yak  cette 
objection  une  r^ponse  dans  les  &it8  mimes,  et  c'est  qu'on  hectare  &  terre  peat 
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M.  Kuhlmann  himself  says, — 

'*  Neither  must  the  nitrogen  he  held  in  too  stable  combinations,  as  it  exists 
in  coal,  the  direct  emplo\Tnent  of  which  does  not  conduce  to  the  fertilisatimi  of 
the  soil,  but  which  by  distillation  yields  a  very  fertilising  ammoniacal  liquid. 
Do  not  the  same  reflections  ap])ly  to  an  objection  raised  against  the  necessity  d 
the  employment  of  nitrogeiiized  maimres ;  namely,  that  a  hectare  of  land  totlis 
depth  of  20  to  25  centimetres  contains  ammonia  in  quantities  infinitely  greater 
than  those  by  means  of  which  we  seek  to  provide  it  with  the  elements  o( 
fertility  ?  In  my  opinion,  it  is  not  eufficient  that  distillation  should  enable  ns 
to  separate  ammonia  from  the  soil ;  it  is  necessary  that  this  ammonia  should  bs 
accessible  to  the  plant  without  the  aid  of  lire  or  of  other  energetic  agents. 

"  There  is  moreover  a  reply  to  the  objections  stated  above  in  the  fiicts 
themselves ;  a  hectare  of  lan<l  may  contain  enough  of  nitrogen  held  in  stable 
combinations  to  produce  5000  or  even  10,000  kilogrammes  of  ammonia,  and 
yet  give  poor  crops.  If  we  apply  to  the  same  land  250  kilogrammes  of 
ammonia,  in  the  form  either  of  oi^nary  manure  or  of  pure  ammoniacal  Bslt» 
the  fertility  will  be  doubled. 

"  Agriculture  is,  above  all,  a  science  of  facts ;  it  is  in  experience  that  it  must 
seek  the  basis  of  its  theoretical  laws."  * 

These,  then,  are  the  opinions  of  chemists  as  well  known  by 
their  investigations  in  the  field  as  by  their  researches  in  the 
laboratory. 

Having  now  to  record  some  recent  determinations  of  nitrogen 
in  soils  made  at  Rothamsted,  it  may  be  well  first  to  dwell  for  a 
moment  on  some  of  the  previously  published  data  of  this  kind 
which  have  been  quoted  by  Baron  Liebig.  With  regard  to  the 
determination  of  nitrogen  in  soils,  made  by  Dr.  Krocker  in 
1846,  in  the  Giessen  laboratory,  it  appears,  by  reference  to  the 
original  paper  (Annalen  der  C hemic  und  Pharmacie,  Band  58, 
pp.  381-8),  that  he  only  made  a  single  determination  on  each  of 

coDtcnir  assez  d'azote  engage  dans  des  combiDaisons  stables,  poor  repr^nter 
jusqu'a  10,000  kilog.  d'ammoniaque,  et  donner  Dcanmoins  des  rdcoltes  ehdtivcs, 
tandis  que,  fum^  avec  250  kilog.  d'ammoniaque  k  T^tat  d'engrais,  il  rendrm,  par  la 
culture,  des  produits  satisfaisants." — Ihid.  p.  78. 

*  *'  II  ue  £Eiut  pas  non  plus  que  Tazote  soit  engage  dans  des  combinaisou  trap 
stables,  comme  cela  existe  pour  la  houille,  dont  remploi  direct  ne  donne  pas  liea  k  la 
fertilisation  du  sol,  mais  dont  la  distillation  d^place  un  liquide  ammoniacal  ti^ 
fertilisant.  Les  memes  reflexions  ne  s'appliquent-elles  pas  k  une  objection  prodoite 
contre  la  n^cessite  de  I'einploi  des  engrais  azotes ;  It  savoir  qu'on  hectare  de  tern 
k  20  ou  25  centim«^tres  de  profoudeur  contieut  des  quantity  d'ammoniaque  infixd* 
ment  superieures  U  cclles  au  moyen  desquelles  on  cherche  2i  lui  donner  des  ^M- 
ments  de  fertilitc  ?  Dans  ma  pensee,  il  ne  suffit  pas  que  la  distillation  permette  de 
deplacer  de  I'ammoniaque  de  la  terre,  il  faut  que  sans  le  secoorsda  feu  ou  d*agents 
^crgiques  cette  ammoniaque  puisse  dtrc  offerte  k  la  plante. 

'*  11  y  a  d'ailleurs  h  Tobjection  presentee  ci-dessus  une  r^ponse  dans  les  iSuti 
mdme.  Un  hectare  de  terre  pent  contenir  assez  d'azote  engsg^  dam  des  oombi* 
uaisons  stables  pour  produire  5000  et  nicme  10,000  kilogrammes  d'ammoniaqiie 
et  doiiner  cependant  des  recoltes  chetives.  Si  Ton  fume  cette  terre  aveo  250  kUo- 
grammes  d'ammoniaque  k  I'etat  d'engrais  ordinaire  ou  de  sel  ammoniacal  par,  la 
fertilite'  sera  doublee. 

**  L' agriculture  est,  avant  tout,  une  science  de  fiuts,  c'est  dans  Tezp^rienoe 
ou'elle  doit  chercher  la  base  de  ses  lois  th^oriques." — AnmlM  d$  Chitnie  et  d§ 
Fhyitique,  vol.  xx.,  1847,  p.  271. 
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the  soils.  We  are  therefore  (though  without  calling  them  in 
question)  unable  to  form  any  such  judgment  from  the  results 
themselves  of  the  probable  limit  of  error  arising  from  mani- 
pulation and  other  causes,  as  duplicate  analyses  would  have 
enabled  us  to  do.  And  when  it  is  borne  in  mind,  that  most 
of  the  published  analyses  show  an  amount  of  nitrogen  in  soils 
only  amounting  to  from  one-tenth  to  one-quarter  of  1  per  cent., 
it  will  easily  be  seen  that  slight  errors  of  analysis,  such  as 
in  most  subjects  of  investigation  would  be  quite  immaterial, 
are  here  of  the  utmost  consequence — if,  at  least,  we  should 
wish  to  discuss,  by  the  aid  of  such  analyses,  such  differences 
between  soil  and  soil,  or  between  the  same  soil  in  the  conditions 
in  which  it  would  yield  respectively  a  given  amount  of  crop 
below  a  usual  average,  or  a  full  one,  equal  to  twice  as  much  as 
the  former.  In  illustration  of  this,  we  need  only  say  that  100  lbs. 
of  amm(mia,  added  to  an  acre  of  soil  weighing  4,000,000  lbs. 
(and  which  every  intelligent  farmer  knows  would,  on  most  soils, 
increase  his  crop  enormously),  would,  if  well  mixed  with  the 
bulk  of  soil,  only  raise  its  ammonia  by  0*0025  per  cent. — or  1 
part  in  40,000.  This  fact  should  not  be  lost  sight  of  in  the 
consideration  of  the  figures  which  will  shortly  follow. 

Next  to  the  determinations  of  nitrogen  in  soils  by  Dr.  Krocker, 
as  referred  to  above,  the  most  extensive  series  quoted  by  Baron 
Liebig  is  that  made  at  the  instance  of  the  Royal  College  of  Rural 
Economy  in  Berlin.  Baron  Liebig  introduces  these  results  as 
follows  (and  the  italics  in  the  second  paragraph  are  his  own)  : — 

"  The  fact  of  the  presence  of  this  enormous  amount  of  nitrogen  in  the  soil 
has  been  confirmed  by  the  researches  made  at  the  instance  of  the  Royal  College 
of  Rural  Economy  in  Berlin  (*  Annalen  der  Landwirthschaft/  vol.  xiv.,  p.  2). 
The  Collejre  of  Rural  Economy  caused  land  of  apparently  uniform  quality  to 
be  selected  in  fourteen  different  localities  in  Prussia  for  these  experiments. 
At  ten  or  twelve  different  points  of  each  of  these  fields  an  equal  quantity  of 
earth  was  taken  by  the  spade  from  the  entire  depth  of  the  arable  soil ;  these 
jx^rtions,  in  each  case,  were  thoroughly  mixed,  and  from  the  mass  samples 
were  taken. 

"  In  each  sample  the  amount  of  nitrogen  was  determined  by  three  different 
chemists  separately,  and  from  their  results  have  been  calculated  for  one  acre  of 
land,  to  the  depth  of  1  foot  (the  specific  gravity  of  the  soil  being  taken  at  1*5), 
tlio  following  quantities  of  nitrogen,  expressed  however  in  pounds  of  ammonia 
(17  lbs.  of  ftmmonia  contain  14  lbs.  of  nitrogen)." — Jour,  Roy^Ag,  8oe,  Eng., 
vol.  xvii.,  part  1,  p.  285. 

As  these  determinations  are  introduced  to  the  reader  by  so 
high  an  authority  in  the  matter  of  chemical  analysis,  as  being 
made  "  by  three  different  chemists  separately^  duA  as  Baron  Liebig 
arranges  the  soils  in  the  order  of  their  richness  in  nitrogen, 
according  to  the  mean  of  the  three  experiments  for  each  soil,  it 
may  be  interesting  to  examine  what  was  the  sort  of  agreement 
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between  the  results  of  the  three  experimenters  on  each  of  the 
fourteen  soils.   Accordingly  there  is  given  the  following  Table  :— 

Li  tlie  upper  portion^  the  percentages  of  nitrogen  in  each  soil, 
as  found  bj  each  of  the  three  chemists,  and  calculated  upon  the 
soil  dried  at  100°  C.  (210^  V.\  are  given.     And— 

In  the  lower  portion  of  the  Table,  the  calculated  lbs.  of  am- 
monia per  acre  of  4,000,000  lbs.*  of  dry  soil,  according  to  the 
determinations  of  each  separate  experimenter,  and  also  according 
to  the  mean  of  the  three,  are  given.  And  in  the  last  column  are 
given,  the  lbs.  per  acre  of  ammonia  for  each  soil  as  calculated  by 
Baron  Liebig. 

So  discrepant  are  the  determinations  of  the  three  separate 
experimenters  on  the  same  soil  in  almost  every  case,  that  the  results 
must  be  considered  quite  inapplicable  as  a  means  qf  arranging 
the  soils  according  to  their  probable  relative  amounts  of  nitrogen. 
So  great,  indeed,  is  the  discrepancy,  that  we  find  frequently  once 
and  a  half  or  twice  as  much,  and  in  several  instances  even  ten  times 
SIS  much,  recorded  by  one  chemist  as  by  another,  for  one  and  the 
same  soil.  In  fact,  in  applying  each  of  the  separate  analyses 
instead  of  the  mean  of  the  three,  to  estimate  the  amount  of  nitrogen 
or  ammonia  per  acre,  we  find  that  one  or  two  of  the  soils  could 
be  put  both  at  the  top  and  nearly  at  the  bottom  of  Baron  Liebig's 
list,  accordingly  as  we  select  the  determination  of  one  or  another 
of  the  experimenters ;  whilst  in  the  same  way,  several  others 
might  be  separated  from  one  another  by  half  the  items  in  the 
list.  It  may  even  be  a  question,  how  far  a  judgment  can  be 
formed  from  such  results,  of  the  probable  average  or  range  of 
amount  of  nitrogen  in  the  soils. 

It  is,  however,  only  due  to  Professor  Magnus,  the  able  and 
conscientious  reporter  to  the  Royal  College  of  Rural  Economy  in 
Berlin,  of  the  analyses  in  which  these  nitrogen  determinations 
are  but  items,  to  say  that  he  called  particular  attention  to  the 
little  agreement  between  the  results  of  the  different  experi* 
menters.  In  fact,  his  chief  conclusion  was,  that  as  twenty-one 
of  the  best  chemists  in  Germany,  or  of  those  working  under  the 
superintendence  of  the  most  distinguished  chemists,  had  heea 
selected,  and  as  there  could  therefore  be  no  want  of  technical 
knowledge  devoted  to  the  subject,  it  was  obvious  that  in  the 
existing  state  of  science  little  was  to  be  expected  from  the  analysis 
of  soils. 

*  The  estimate  of  4,000,000  lbs.  of  dry  soil  per  acre,  taken  to  the  depth  of  od9 
foot,  is  higher  than  we  have  been  accustomed  to  take  it ;  but  we  adopt  it  here,  not 
only  because  it  is  a  convenient  round  number,  but  because  it  obviously  agrees  veiy 
closely  with  the  amount  supposed  by  Baron  Liebig.  with  whose  estimates  we  are 
comparing  our  own  figures.  It  is  obvious  that  the  cubic  contents,  and  the  weight 
of  available  soil  on  an  acre,  must  vary  extremely ;  so  that  any  figure  adopted  in 
an  estimate  of  this  kind  must  be  to  a  great  extent  arbitrary. 
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Table  III. — Showing  the  Percentage  of  Nitrogen,  and  the  supposed  Ammonia 
yer  Acre  calculated  therefrom,  in  14  Soils,  each  Analysed  by  three  Chemists 
separately. 


Nitrogen  per  Cent,  in 

the  Soils. 

By 

By 

By 

Ist 

2Dd 

3td 

Mean. 

Experimenter 

Experimenter 

Experimenter 

1.  Havixbec    ..      .. 

0-591 

0-081 

0-400 

0-357 

2.  Burg  Weffeleben 

3.  Turgaitschen     .. 

0-432 

,. 

0-270 

0-351 

0-240 

0-350 

0-280 

0-290 

4.  Wollup       ..      .. 

0-200 

0-298 

0-271 

0-256 

5.  Beesdau      ..      .. 

0-137 

0-249 

0-108 

0*165 

6.  Turwe 

0-140 

0-130 

0-173 

0-148 

7.  Dalheim     ..      .. 

1*609 

0-150 

,, 

0-879 

0-112 

0-113 

0138 

0*121 

9.  Eldena        ..      .. 

/  0-090 

\  0-120 

0«102 

I  0*120 
0-114 

0-113 

0-111 

10.  BurgBomheim 

0-113 

0-110 

11.  Neuensund 

0-147 

0-103 

0-010 

0-087 

12.  Frankenfelde     .. 

0-079 

, , 

0-093 

0-086 

13.  Neuhof      ..      .. 

0-130 

0*154 

0*011 

0-098 

14.  Cartlow      ..      .. 

0-076 

0-106 

0*005 

0-062 

Nitrogen  calculated  as  lbs.  of  Ammonia  per  Acre  of  4,000,000  lbs.  of  Dry  Soil. 

Ammonia 

By 

Ist 
Experimenter 

By 

Experimenter 

By 

Sid 

Experimenter 

Mean. 

inlta. 

per  Acre 
IfootdeeiN 

asiriTen 
VyCeblg. 

1.  Havixbec    ..      .. 

28,704 

3,932 

19,428 

17,352 

18,040 

2.  Burg  Wegeleben 

20,980 

,, 

13,112 

17,048 

17,200 

3.  Turgaitschen     .. 

U,f'CO 

17,000 

13,600 

14,084 

14,350 

4.  Wollup       ..      .. 

9,712 

14,472 

13,160 

12,448 

13,120 

5.  Beesdau      ..      .. 

6,652 

12,092 

5,244 

7,999 

7,790 

G.  Turwe        ..      .. 

6,800 

6,312 

8,400 

7,172 

7,380 

7.  Dalheim     ..      .. 

78,151 

7,284 

.. 

42,716 

6,970 

8.  Laasan        ..      ..   : 

5,440 

5,488 

6,702 

5,877 

5,740 

9.  Eldena        ..      ..   i 

/  4,371 
\  5,828 

}  5,828 

5,488 

5,377 

5,330 

10.  Burg  Bomheim       | 

4,954 

5,587 

5,488 

5,328 

5,330 

11.  Neuensund 

7,140 

5,002 

485 

4,211 

4.510 

12.  Frankenfelde     .. 

3,837 

,, 

4,517 

4,120 

4,100 

13.  Neuhof       ..      .. 

6,312 

7,480 

534 

4,774 

4,920 

14.  Cartlow      ..      .. 

3,691 

5,148 

243 

3,026 

2,870 

Concurring  fully  with  Professor  Magnus  on  this  point,  and 
believing  that  little  advance  will  be  made  without  previous 
spec  ial  investigation  and  adaptation  of  methods  of  analysis  to 
this  particular  subject,  it  is  only  with  the  reservation  which  such 
a  conviction  implies,  that  we  would  now  record  or  apply  the 
determinations  of  nitrogen  in  soils  recently  made  at  Rothamsted 
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by  the  current  methods.  We  may  say,  however,  that  every  pic- 
caution  has  been  taken  to  secure  as  much  of  accuracy  as  those 
metliods  are  capable  of.  Nor  are  we  wanting  in  evidence  io  the 
results  themselves,  that  within  certain  limits,  and  for  the  discns- 
sion  of  some  points  of  comparately  broad  distinction,  they  are 
sufficiently  conclusive. 

In  the  following  Table  (IV.)  are  given  the  results  of  deter- 
minations of  nitrogen — in  the  soil  and  subsoil  of  the  plot  devoted 
at  Rothamsted  to  the  experiments  on  the  Lois  Weedon  system — 
in  the  soil  of  the  continously  unmanured  plot,  of  the  continu- 
ously mineral-manured  plot,  of  the  continuously  ammonia- 
manured  plot,  and  of  the  continuously  mineral  and  ammonia- 
manured  plot,  in  the  adjoining  experimental  wheat-field.  There 
are  also  given,  the  determinations  of  nitrogen  in  specimens  of 
soil  and  subsoil,  &c.,  from  the  Rev.  Mr.  Smith's  experimentsl 
fields  at  Lois  Weedon.  And,  for  the  sake  of  comparison  with 
the  figures  in  Table  IIL  last  discussed,  there  is  given  in  the  lower 
portion  of  the  Table  (IV.),  the  amounts  of  nitrogen  (in  lbs.)  that 
would  be  contained  in  4,000,000  lbs.  (=  an  acre  about  a  foot 
deep)  of  the  specimens  analysed — both  according  to  the  individual 
analyses,  and  to  the  mean  result  for  each  specimen.  In  the  last 
column,  the  mean  acreage  amount  of  nitrogen  is  represented  in  its 
equivalent  amount  of  ammonia.  It  is  obvious,  however,  that  no 
actual  fact  is  represented  by  thus  applying  the  analyses  of  soils 
and  subsoils  indiscriminately,  to  a  supposed  equal  acreage  weight 
of  soil  in  each  case,  llie  figures  are  only  useful  as  conveying 
a  very  general  comparative  idea,  of  about  how  much  ammonia, 
or  its  equivalent  of  nitrogen,  would  exist  in  a  layer  of  one  acre 
area,  and  about  a  foot  thick,  of  soils  or  subsoils  containing  a  given 
percentage  amount. 

It  must  be  remarkc^d,  too,  that  whilst  the  specimens  of  sur- 
face-soils at  Rothamsted  were  each  taken  at  eight  different 
places,  and  as  nearly  as  possible  to  a  depth  of  nine  inches  and 
an  area  of  a  foot  square,  the  whole  being  then  well  mixed  and 
re-sampled,  those  at  Lois  Weedon  were  each  taken  at  one  spot 
only ;  a  good  spit  of  depth  being  the  only  condition  attended  to. 
The  soils  at  both  places  were  collected  during  the  present  year 
(1856) ;  those  at  Lois  Weedon  in  August,  and  most  of  those  at 
Rothamsted  in  September. 

In  all  cases  the  soils  were  broken  up  and  turned  over  and  the' 
large  stones  picked  out ;  they  were  then  further  reduced  and 
separated  from  smaller  stones.  Finally,  they  were  rubbed  to 
fine  powder  and  passed  through  a  fine  sieve,  in  which  state 
they  were  submitted  to  analysis.  In  these  processes  of  prepara- 
tion the  soils  were  never  submitted  to  a  temperature  above  60°  to 
70^  F.,  and  when  so  prepared  they  generally  retained  less,  or  little 
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LE  IV. — Showing  the  amounts  of  Nitrogen  (exclusive  of  Nitric  Acid)  in  Rotliamsted 
and  Lois  Weedon  Soils  and  Subsoils. 


Nitrogen  per  Cent,  in  the  Soils,  calculated  as  Dry. 


Expert* 

Experi- 

Experi- 

Experi- 

meat 

ment 

ment 

ment 

Mean. 

L 

2. 

8. 

4. 

Lois  -  Weedon  -  Plot  \ 
^u*^A        Surface  Soil    ..    ../ 
^^^      Lois -Weedon- Plot  \ 
Subsoil 

0-1416 

0-1418 

•• 

•• 

0-1417 

0-0730 

0-0763 

.. 

■  • 

0-0746 

nsted     /Unmanured       ..    .. 

0*1560 

0-1450 

0-1560 

,, 

0- 1523 

;e  Soils,  Mineral  Manure     .. 

0«1480 

0- 1529 

6- 1420 

,, 

0-1459 

ling      JAmmoniacal  Salts  .. 

0-1530 

0*1694 

0-1620 

0-1505 

0-1587 

ri-           Minerals    and    Am-^ 
il  Field  I  moniacal  Salts      ../ 

0*1520 

0-1593 

0-1545 

0-1667 

0-1556 

Heavy  Land  Stubble 

0-1640 

0-1590 

0-1670 

0-1666 

0-1641 

Heavy  Land  Fallow 

0-2020 

0-1940 

0-2000 

0-2090 

0-2012 

Light  Land  Fallow 

0-1630 

0-1520 

0-1510 

0-1540 

0-1550 

Heavy  Land  Subsoil 

0-0661 

0-0670 

0-0667 

0-0610 

0-0652 

Teedon  ' 

Light  Land  Subsoil 

Marl  Pit      1 

Light  Land  Field  .. 

0*0840 
0-0920 

0-0770 
0-0890 

0-0760 

0-0760 

•  • 

0-0782 
0-0905 

Uye  -  grass    Subsoil,  j 
with  Liquid  Manure) 

0«0790 

0-0790 

•  • 

0-0790 

Ueavy  Land  Field    ) 

Nitrogen  per  Acre  about  1  foot  deep— taken  at  4,000,000  lbs.  Dry  Soil. 


Experi- 
ment 
L 

Experi- 
ment' 
.2. 

Experi- 
ment 
.8. 

Experi- 
ment 
4. 

Mean. 

Lbs. 

Ammonia  in 

4,000,000  lbs. 

Dry  Sou. 

Lois -Weedon- Plot  \ 

.    ,        Surface  Soil    ..    ../ 

^^^^"^    1  Lois -Weedon -Plot) 

[  Subsoil / 

listed     /Unmanured      ..    .. 
je  Soils,  Mineral  Manure     .. 
ling        Ammoniacal  Salts  . . 
pi-           Minerals    and    AmO 
d  Field  \  moniacal  Salts      . .  / 

Ite. 
5,664 

2,920 

6,240 
5,720 
6,120 

6,080 

Ibe. 
5,672 

3,052 

6,800 
6,116 
6,776 

6,372 

Dm. 

6,240 
5,680 
6,480 

6,180 

lbs. 

•• 

6,020 
6,268 

Um. 
6,668 

S,9S4 

6,092 
5,836 
6,348 

6,224 

lbs. 
6,882 

3,623 

7,397 
7,086 
7,708 

7,557 

''cedon  ; 

fHeavy  Land  Stubble 
Heavy  Land  Fallow 
Light  Land  Fallow 
Heavy  Land  Subsoil 
Light  l4ind  Subsoil 

Marl  Pit      \ 

Light  Land  Field  ..[ 
Rye  -  grass    Subsoil, 
with  Liquid  Manure 
Heavy  Tiand  Field 

6,560 
8,080 
6,520 
2,644 
3,360 

3,680 
3,160 

6,360 
7,760 
6,080 
2,680 
3,080 

3,660 
3,160 

6,680 
8,000 
6,040 
2,668 
3,040 

•• 
•• 

6,664 
8,360 
6,160 
2,440 
3,040 

6,564 
8,048 
6,200 
2,608 
3,128 

3,620 
3,160 

7,970 
9,772 
7,528 
3,168 
3,798 

4,396 
^,836 

604  Tike  Lois  Weedon  Plan  of  Growing  Wheat. 

more,  than  5  per  cent,  of  water  separable  by  farther  dxying  at 
212^.  For  convenience  and  uniformity,  the  determinationfl  in 
the  Table  are  all  given  as  calculated  upon  the  soil  so  dried  at 
212^ ;  though  separate  portions  were  always  employed  for  the 
determination  of  the  moisture  in  this  way,  and  those  of  the 
nitrogen  were  always  made  upon  the  partially  and  only  air-dried 
substance. 

The  nitrogen  determinations  were  made  by  burning  with  sods- 
lime,  collecting  the  ammonia  in  hydrochloric  acid,  and  estimat- 
ing as  platinum  salt  in  the  usual  way.  It  is  obvious  that  this 
method  does  not  give  that  portion  of  nitrogen  which  may  euat 
as  nitric  acid.     But  from  the  interesting  results  of  Professor 

I  Way,  on  the  power  of  soils  to  absorb  ammonia  and  nitric 
acid  respectively,  and  on  the  general  relation  of  these  two  sab- 
stances  in  drainage-water,  it  may  perhaps  safely  be  concladed 
that,  in  most  ordinary  soils,  but  a  very  small  proportion  of  theur 
contents  of  nitrogen  will  be  retained  as  nitric  acid. 

The  two,  three,  or  more  determinations  upon  each  soil,  were 
in  only  one  or  two  cases  made  by  the  same  analyst ;  two  peraons 
being  employed  upon  the  series,  each,  as  a  rule,  making  two 
determinations  upon  the  same  specimen.  In  this  way  it  was 
hoped  to  eliminate  any  prevailing  tendency  to  high  or  to  low  resnlti 
which  might  attach  to  the  work  of  cither  operator.  It  is 
probable  it  would  be  the  opinion  of  most  chemists,  that  the 
discrepancies  in  the  percentage  amounts  of  nitrogen  which  the 
Table  exhibits,  are  neither  greater  nor  more  numerous  than  were 
to  be  expected  in  the  manipulation  of  the  process  employed,  by 
two  operators  on  such  a  series.  When,  however,  it  is  remem- 
bered that,  as  already  pointed  out,  the  large  dressing  of  a  hun- 
dred pounds  of  nitrogen  per  acre,  distributed  through  the  soil  to 
the  depth  of  1  foot,  would  only  raise  its  percentage  of  nitrogen 
by  0'0025,  equal  Tuuvuth  of  its  weight,  it  would  at  once  be 
seen,  that  the  separate  determinations  on  the  same  soil  frequently, 
nay,  generally,  differ  much  more  from  each  other,  than  would  the 
actual  soil  before  and  after  such  a  potent  manuring.  It  is  clear 
then  from  this  simple  illustration,  that  such  methods  of  estimat- 
ing the  nitrogen  in  soils  are  quite  inapplicable  to  determine  the 
diirerencc  in  this  respect  between  a  soil  yielding  16  bushels  of 
wheat  without  manure,  or  twice,  or  twice  and  a  half  the  amount, 
with  it.  That  is  to  say,  such  methods  are  quite  incompetent* 
adequately  to  treat  the  question  of  the  mere  temporary  '*  cofuft- 
<iow"  of  soils. 

Exercising  .then  all  due  caution,  on  the  score  both  of  the  diffi- 
culty of  fairly  and  uniformly  sampling  soils  for  analysis,  and  of 

•  that  of  accurately  determining  the  nitrogen  by  current  methods, 
let  us  see  what  arc  some  of  the  more  general  indications  of  the 
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Table.  For  this  purpose  we  take  of  course  the  mean  results 
instead  of  the  separate  determinations;  which  latter,  however, 
although  disagreeing  with  each  other  sufficiently  to  show  that 
the  figures  could  not  be  relied  upon  to  treat  of  the  nice  question 
of  the  effect  of  a  single  even  heavy  dressing  of  manure,  have 
still  so  much  of  agreement,  as  to  give  some  confidence  at  least  in 
the  direction^  and  in  any  marked  distinctions,  which  the  mean 
results  would  indicate  as  between  soil  and  soil. 

It  is  seen  that  the  subsoils  contain  from  one-half  to  one-third 
only  as  much  nitrogen  as  the  surface  soils.  From  this  it  is 
obvious  that  an  inch  or  two  of  variation  in  depth,  in  sampling  a 
surface  soil,  might  make  a  comparatively  important  difference  in 
the  percentage  of  nitrogen  obtained.  The  effect  of  the  admix- 
ture of  more  or  less  of  subsoil,  in  a  sample  of  professedly  sur- 
face soil,  is  seen  in  the  difference  between  the  mean  percentage 
in  the  Rothamsted  soil  which  had  been  cultivated  on  the  Lois 
Weedon  plan,  and  that  of  a  similar  description  in  the  adjoining 
field,  which  had  grown  wheat  for  several  successive  years,  but 
without  its  subsoil  being-  disturbed.  Thus  the  trenched  plot  at 
Rothamsted  gives  a  mean  percentage  of  only  0*1417  of  nitrogen, 
whilst  the  plot  in  the  adjoining  field,  notwithstanding  it  has 
^own  wheat  for  many  years  successively  without  manure,  gives 
0-1523  per  cent. 

Before  proceeding  to  compare  with  one  another  the  Rotham- 
sted and  the  Lois  Weedon  soils,  we  may  here,  in  passing,  call 
attention  to  the  fact  that,  slight  as  they  are,  and  whether  acci- 
dental or  not,  the  differences  which  the  mean  results  would 
show  between  the  plots  devoted  to  the  continuous  growth  of 
wheat  at  Rothamsted,  under  different  conditions  of  manuring, 
are  really,  at  least  in  direction,  such  as  those  manuring  condi- 
tions would  lead  us  to  expect.  Without  laying  too  much  stress 
on  the  actual  figures,  it  is  seen,  then,  that  whilst  the  continuously 
unmanured  plot  gives  0*1523  per  cent,  of  nitrogen,  that  which  has 
received  for  a  series  of  years  mineral  manure  only  (which  would 
tend  to  the  extraction  of  more  nitrogen  from  the  soil  than  #here 
no  manure  was  employed)  gives  0*1459  per  cent.,  or  rather  less 
than  the  former.  The  plot  which  has  received  annually  ammo- 
niacal  salts  (as  the  results  showed  somewhat  in  excess  of  the 
available  minerals),  indicates  0*1587  per  cent,  of  nitrogen ;  or 
rather  more  than  either  the  continuously  unmanured  or  the  con- 
tinuously mineral-manured  plot  And  again,  quite  conformably 
with  the  above,  the  plot  which  has  received  continuously  both 
mineral  manure  and  an  excess  of  ammoniacal  salts,  shows  a 
slightly  lower  percentage  (0*1556)  than  where  the  ammoniacal 
salts  were  employed  without  minerals ;  though  with  this  excess  of 
ammoniacal  salts,  a  slightly  higher  one  than  the  unmanured  plot. 

VOL.  XVII.  2  s 
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Thus  in  both  instances  where  a  liberal  supply  of  minerals  has 
been  used,  the  effect  of  which  would  be  to  use  up,  so  to  speak, 
more  of  the  available  nitrogen  within  the  soil,  the  mean  per- 
centage of  nitrogen  indicated  was  rather  lower  than  in  the  cases 
comparable  with  them  on  this  point.  It  is  freely  granted,  that 
some  of  the  individual  determinations  are  not  quite  Gonsisteot 
with  the  conditions  here  supposed ;  yet,  with  three  or  four  expe* 
riments  in  each  case,  agreeing  as  most  of  them  do  pretty  nearlj, 
it  is  really  of  interest  to  observe,  that  the  mean  results  appear  to 
bear  some  relation  to  the  known  history  of  the  plots. 

Turning  now  to  the  Lois  Weedon  soils,  it  is  seen  that  both  speci- 
mens taken  from  the  heavy-land  field  show  a  higher  percentage  of 
nitrogen  than  any  of  the  Kothamsted  plots,  and  particularly  higher 
than  the  specially  comparable  instance  at  Rothamsted ;  namelj, 
that  where  the  land  had  been  trenched  and  some  of  the  subsoil 
intermixed  with  the  surface  soil.  The  Lois  Weedon  light  land 
even,  gives  a  slightly,  but  very  slightly,  higher  percentage  of 
nitrogen  than  the  surface-soil  of  the  continuously  unmanured 

I  lot  at  Rothamsted.  The  difference,  however,  in  favour  of  the 
.ois  Weedon  light  land,  notwithstanding  it  had  been  intermixed 
with  subsoil  and  with  marl,  each  containing  only  about  half  as 
much  nitrogen,  is  more  marked  when  it  is  compared  with  the 
trenched,  that  is,  the  Lois-Weedon-subsoiled  plot  at  Rothamsted. 
To  go  to  figures,  we  find  that  whilst  the  mean  of  four  analyses  , 
gives  for  the  Lois  Weedon  heavy-land  stubble  0*1646  per  cent  of 
nitrogen,  the  mean,  also  of  four  analyses,  gives  for  the  heavy- 
land /a//otr  0-2012  per  cent.  We  cannot  at  all  suppose  that  the 
whole  of  this  large  difference,  amounting,  as  it  would  do,  to  from 
1000  lbs.  to  1 500  lbs.  per  acre,  if  reckoned  at  1  foot  deep,  is 
due  solely  to  the  joint  influence  of  the  exhaustion  of  the  just 
removed  crop  in  the  one  case,  and  to  the  accumulation  by  the 
tilled  bare  fallow  in  the  other ;  though  it  is  obvious,  that  the 
effect  of  the  accumulation  by  fallow  would  not  extend  uniformly 
to  the  depth  of  1  foot ;  and  consequently  the  assumption  of  a  gain 
of  1000  lbs.  or  1500  lbs.  of  nitrogen  per  acre  is  very  much 
higher  than  the  figures  really  imply,  even  supposing  the  samples 
were  really  taken  to  exactly  corresponding  depths  in  the  two  cases. 
The  more  probable  supposition  is,  however,  that  the  sample 
taken  from  the  stubble  did  in  fact  represent  a  somewhat  greater 
depth  of  the  staple,  or  more  of  intermixed  subsoil,  than  that 
taken  from  the  fallow  interval. 

Turning  for  a  moment  to  the  subsoils  and  marl,  the  Rotham- 
sted unexposed  subsoil  indicates  a  rather  higher  percentage  of 
nitrogen  than  the  Lois  Weedon  heavy-land  subsoil — the  former 
giving  0*0746  and  the  latter  0'0652  per  cent.  It  is  seen,  on  the 
other  hand,  that  the  subsoil  and  marl  of  the  Lois  Weedon  light- 
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land  field,  with  which  the  surface-soil  is  intermixed,  both  give  a 
higher  percentage  than  either  the  Rothamsted  or  the  Lois  Weedo'n 
heavy-land  subsoil — ^that  of  the  light-land  subsoil  being  00782, 
and  that  of  the  marl  0*0905  per  cent.  Lastly  on  this  point, 
whilst  the  subsoil  of  the  Lois  Weedon  heavy-land  unmanured 
wheat-plot  gives  0*0652  per  cent.,  the  subsoil  of  the  plot  devoted 
to  rje-grass,  with  liquid  manure,  in  the  same  field,  gives  0*0790 
per  cent. 

To  resume — the  comparison  of  the  percentage  of  nitrogen  in 
the  Lois  Weedon  and  the  Rothamsted  soils  submitted  to  Mr. 
Smith's  methods  of  growing  wheat,  the  one  with  so  much  success, 
and  the  other  with  such  signal  failure,  shows  that  the  former 
contain  a  higher  percentage  of  nitrogen  than  the  latter.  Thus, 
whilst  the  mean  percentage  in  the  trenched  plot  at  Rothamsted  is 
0*1417,  that  in  the  light  land  at  Lois  Weedon  is  0*1550  per 
cent.,  and  in  the  heavy  land  at  Lois  Weedon  (taking  the  mean  of 
the  eight  determinations  on  both  stubble  and  fallow  plots)  is 
01827.  Independently,  then,  of  mere  physical  condition  of 
soil,  of  mineral  richness,  or  of  other  circumstances  affecting  the 
relations  of  the  plant  to  the  soil,  we  have  here  an  intelligible 
•chemical  difference,  perfectly  consistent  with  what  all  other  expe- 
rience regarding  the  requirements  for  the  vigorous  growth  of  the 
wheat-crop  would  lead  us  to  anticipate. 

The  questions  still  remain,  however,  whether  the  Lois  Weedon 
soils,  in  all  probability,  have  a  greater  power  to  acquire  nitroge- 
nous pi  ant- food  from  atmospheric  sources,  or  are  likely  more 
lightly  to  retain,  or  more  easily  to  give  up  to  the  plant  in  an 
assimilable  form,  their  previously  existing  or  newly-accumu- 
lated stores  of  nitrogen? 

With  a  view  of  getting  such  indications  on  these  points  as 
limited  time  would  permit,  the  following  experiments  were  made. 
Rather  more  than  one  thousand  grains,  in  a  finely-powdered  state, 
of  each  of  the  soils  enumerated  in  the  Table  (V.)  given  below 
(whose  nitrogen  had  previously  been  determined),  were  put  into 
a  water-bath  for  about  six  hours,  in  order  to  secure  an  equal 
state  of  dryness.  Exactly  one  thousand  grains  of  each  were  then 
weighed,  and  respectively  placed  in  small  but  equal-sized  basins. 
Each  of  these  was  then  mounted  upon  a  small  porcelain  pot  an 
inch  and  a  half  in  height,  and  so  placed  in  a  large  glass  basin 
containing  water  to  the  depth  of  about  an  inch.  The  large  basin 
was  then  covered  with  another  such,  and  the  whole  left  for  three 
days  at  a  temperature  of  100°  or  more ;  by  which  from  H  to 
nearly  4  per  cent,  only  of  water  was  absorbed  by  the  different 
soils.  The  water  in  the  large  basin  was  then  replaced  by  pretty 
strong  ammonia-water ;  and  the  whole,  covered  as  before,  was 
left  for  four  days  in  a  warm  room,  the  temperature  being  main- 
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Uined  at  about  70o.  Even  now  none  of  the  soils  had  gained 
quite  5  per  cent,  of  water  ;  and  as  it  was  thought  that  the  absorp- 
tion of  ammonia  would  be  facilitated  thereby,  5  per  cent,  was 
now  added  to  each  of  them  ;  and  after  another  four  days'  expo- 
sure to  the  moist  ammoniacsd  atmosphere,  a  further  10  per  cent, 
of  water  was  added.  In  four  days  more  the  little  basins  were 
removed  from  the  ammoniacal  atmosphere,  and  by  this  time  the 
soils  smelt  very  strongly  of  ammonia.  In  order  to  expel  all 
that  was  not  retained  in  a  comparatively  stable  condition,  the 
little  basins  and  their  contents,  uncovered,  were  exposed  for 
eighteen  hours  in  the  warm  room  at  about  7()o ;  by  which,  as  will 
he  seen  in  the  Table,  the  amount  of  moisture  was  reduced  in 
all  cases  to  below  3,  and  in  some  to  below  2  per  cent.  In  this 
state  the  percentage  of  nitrogen  was  again  determined  in  the 
soils  by  the  soda-lime  and  platinum-salt  process ;  and  in  the 
Table  are  given  the  results  of  these  determinations ;  and  by  their 
side,  the  mean  percentage  of  nitrogen  in  the  respective  soils 
before  they  were  submitted  to  the  ammoniacal  vapours.  The 
percentages  of  water  in  the  specimens  at  the  different  stages,  as 
-above  described,  and  the  percentage  gain  of  nitrogen  by  absorp- 
tion, calculated  both  upon  the  dry  soils  and  upon  the  previously 
existing  nitrogen  in  them,  are  also  given ;  the  former  to  the  left, 
and  the  latter  to  the  right  of  the  nitrogen  determinations. 

A  glance  at  the  Table  shows  that  there  is  some  general  though 
not  numerically  exact  connexion  between  the  capacity  of  the 
different  soils  for  the  absorption  and  retention  of  water  on  the 
one  hand,  and  of  ammonia  on  the  other.  It  is  seen  that  the  Lois 
Weedon  heavy  land  and  its  subsoil  absorbed  and  retained  a  very 
much  larger  proportion  both  of  water  and  ammonia  than  either 
the  Rothamsted  soil,  or  the  Lois  Weedon  light  land,  or  light- 
land  subsoil.  Thus  the  nitrogen  in  the  Lois  Weedon  heavy 
land,  which  was  before  the  highest  in  the  series,  has  been  raised 
by  the  absorption  experiment  by  0*1925  per  cent ;  whilst  that  in 
the  Rothamsted  soil  is  raised  by  only  0*1306.  The  Lois  Weedon 
light  land  has,  however,  absorbed,  or  at  least  retained,  less  of 
4immonia  than  the  Rothamsted  soil,  the  increased  amount  of 
nitrogen  in  its  case  being  0*0988  per  cent.  It  is  further  seen 
that  both  of  the  Lois  Weedon  subsoils  have  absorbed  more  than 
-their  corresponding  surface  soils  ;  the  increased  percentage  of 
nitrogen  by  absorption  of  ammonia  being  in  the  heavy-land  sub- 
soil 0*2292,  and  in  the  light-land  subsoil  0*1109  per  cent. 

It  was  our  intention,  had  time  permitted,  to  have  completed 
other  experiments  of  this  kind  for  the  purposes  of  this  paper ; 
^nd  we  may  possibly  yet  be  able  before  concluding  to  append 
the  results  of  some  such  which  are  now  in  progress.  In  defect 
>of  these,  however,  we  cannot  fail  to  observe  as  a  significant  fact, 
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that  the  Lois  Weedon  lieavy  land,  which  has  yielded  Mr.  Smith 
his  best  results,  both  contained  more  nitrogen  in  its  origiiud 
state,  and  absorbed  and  retained,  under  equal  cirenmstances,  both 
more  water  and  more  ammonia  than  the  Rothamsted  soil.  The 
Lois  Weedon  light  land,  however,  although  containing  slighdj 
more  nitrogen  in  its  natural  state  than  the  soil  at  Rothamsted, 
absorbed  and  retained,  in  the  experiment  above  described,  rather 
less  both  of  water  and  of  ammonia  than  the  Rothamsted  soil. 
In  drawing  any  conclusion  from  the  results  of  an  experiment  of 
this  kind,  in  regard  to  the  probable  comparative  qualities  of  the 
soils  in  their  natural  state  and  position,  we  must  first  carefully 
consider  what  are  the  circumstances,  in  a  necessarily  artificial* 
experiment,  which  might  vitiate  a  strict  comparison  of  the 
figures.  It  is  to  be  borne  in  mind  then,  that  the  soils,  when  sub- 
mitted to  the  absorption  experiments,  were  in  an  equally  finely 
divided  state,  and  they  would,  therefore,  expose  nearly  equal 
surfaces  to  the  watery  and  ammoniacal  vapours.  The  results 
should,  therefore,  show  the  comparative  absorptive  powers  of 
equal  surfaces  of  the  respective  soils.  And  this  being  so,  of  the 
three  surface  soils  the  Lois  Weedon  heavy  land  has  the  highest, 
the  Rothamsted  soil  the  next,  and  the  Lois  Weedon  light  land 
the  least  absorbent  power  in  reLation  to' a  given  surface  exposed. 
But  in  its  natural  state  and  position  the  Lois  Weedon  light  land 
would  undoubtedly  expose  a  much  greater  surface  of  atmos- 
pheric influences  than  the  Rothamsted  soil  Hence  probably 
the  reason  that  the  Lois  AVeedon  light  land,  though  it  did  not 
absorb  more  ammonia  in  the  experiment  cited,  yet  in  its  natural 
state  contained  a  higher  percentage  of  nitrogen  than  the  Rot- 
hamsted soil.  Hence  probably  also,  this  Lois  Weedon  light  land 
would  both  absorb  or  otherwise  accumulate  more  nitrogen  in  an 
available  form,  under  equal  climatic  circumstances,  and  yield  it 
up  more  readily  to  the  plant,  than  the  soil  at  Rothamsted. 

Since  the  above  was  in  type,  the  additional  experiments  referred 
to  have  been  concluded,  and  we  give  here  a  short  statement  of  the 
results.  In  this  second  series  of  absorption  experiments,  the  object 
was  to  include  the  surface  and  subsoil  of  the  land  devoted  to  the 
Lois  Weedon  experiments  at  Rothamsted  ;  and  also  to  submit  the 
soils  in  a  rather  moister  state  to  the  ammoniacal  vapours.  800 
grains,  in  an  equal  state  of  dryness,  of  each  of  the  soils  enu- 
merated in  the  Table  below,  had  25  septems,  or  about  23  per 
cent,  of  water  added  to  them.  In  this  state  they  were  submitted,, 
in  the  same  manner  as  in  the  previous  experiment,  to  moist  am* 
moniacal  vapours  at  a  temperature  of  about  70® ;  though  in  this 
case  for  only  3  days  instead  of  12  as  formerly.  At  the  con- 
clusion of  the  absorption  period  each  little  basin  of  soil 
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exposed  for  24  hours  in  the  open  warm  room  at  60°  to  70°.  In 
this  condition  the  specimens  were  put  into  closed  bottles ;  from 
each  of  which  one  portion  was  taken  for  the  determination  of  the 
moisture  separable  at  212°,  and  separate  portions  for  that  of  the 
nitrog^en,  the  duplicate  being  in  each  case  made  by  a  second 
experimenter.     The  following  are  the  results : — 

s  VI. — Results  of  further  Experiments  on  the  ccanparative  Absorptive  Power,  for  Water 
and  Ammonia,  of  different  Soils. 


Per  cent. 
Water 
retained 

after 
abMorption 

and 

24  hours' 

exposure 

at  70«. 

Nitrogen  per  cent  In  dry  SoiL 

Per  cent  gain  of 

Nitrogen 
by  aboorptiozt 

After  absorption  of  Ammonia. 

Before 

of 
Ammonia. 

Mean. 

Description  of  the  Soils. 

On  dry 

Soil. 

On  pre- 
viously 

i 
Experiment 

1. 

Experiment 
2. 

Mean. 

existing 
Nitro- 
gen. 

imsted 
•ils    ..' 

DIS 
3tl0U 

Us  .. 

Continuously  un-1 
manured    ..    ..[ 

Lois-Weedon-Plot) 
Surface  Soil    . .  j 

Lois-Weedon-riot) 

.     Subsoil      ..    ../ 

Heavy  Land  Sur-) 
face  Soil    . .    . .  f 

Light  Land  Sur-i 
face  Soil    ..    ..j 

5«33 
5-19 
5-45 

5-6.'i 
4-69 

0*2498 
0-2525 
0*2378 

0-3445 

0-2488 

0-2632 
0-2462 
0-2239 

0-3308 
0-2425 

0-2565 
0-2493 
0-2808 

0-3376 
0-2456 

0-1523 

0-1417 
0-0746 

0-2012 
0-1550 

0-1042 
0-1076 
0-1562 

0-1364 
0-0906 

68-4 

75-9 
209-4 

67-8 
58-4 

The  soils  being  throughout  this  experiment  in  a  moister  state, 
it  seems  they  did  not  become  so  dry  by  exposure  in  the  warm 
room  ;  nor  were  the  differences  in  the  retentive  power  under  these 
circumstances  so  great  as  in  the  former  instance.  Nevertheless, 
conformably  with  the  former  results,  the  Lois  Weedon  heavy 
land  retained  more  water  than  the  light  land,  and  more  also  than 
either  of  the  Rothamsted  soils.  The  Rothamsted  subsoil,  too, 
retains  more  than  either  of  the  Rothamsted  surface  soils,  though 
the  surface  soil  that  had  been  trenched  does  pot  bear  the  same 
relation  to  the  one  which  had  not,  in  regard  to  retention  of  water, 
as  might  be  expected,  though  we  shall  find  it  does  so  in  regard  to 
that  of  ammonia. 

With  regard  to  the  absorption  and  retention  of  ammonia,  the 
results  of  this  second  series  of  experiments  are,  entirely  consistent 
with  those  of  the  first.  They  may  indeed  be  considered  to 
be  the  more  so,  from  the  variation  in  the  actual  per  cent,  of 
absorption,  since  the  circumstances  of  the  two  sets  of  experi- 
ments equally  varied.  We  find,  as  before,  that  the  Lois  Weedon 
heavy  land  absorbed  and  retained  more  ammonia  than  the  Rot- 
hamsted soils,  and  the  latter  more  than  the  Lois  Weedon  light 
land.     And,  as  was  the  case  with  the  Lois  Weedon  soils  and 
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their  respective  subsoils,  the  Rothamsted  subsoil  absorbed  md 
retained  more  ammonia  than  its  surface  soil ;  and  confonnaUy 
with  the  g:reater  power  in  this  respect  of  the  subsoil,  we  find  the 
trenched  land  at  Rothamsted  absorbed  and  retained  rather  move 
ammonia  than  the  one  which  had  not  had  any  of  its  subsoil  inter- 
mixed with  it. 

In  fact  the  results  of  this  second  series  of  absorption  experi- 
ments confirm  so  entirely  the  bearings  of  the  former  one  on  all 
essential  points,  that  the  arguments  and  conclusions  already  re- 
corded do  not  require  any  modification  or  correction  from  dus 
additional  evidence. 

The  result  of  the  comparative  examination  in  the  laboratory 
of  the  Lois  Weedon  and  the  Rothamsted  soils  clearly  brings  out 
the  fact,  that  of  the  former,  the  heavy  one  at  least,  both  contained 
more  nitrogen  in  some  form,  and  had  the  power  of  absorbing 
more  ammonia  under  equal  circumstances,  than  the  latter; 
whilst  the  experiments  in  the  field  have  shown,  that  a  much 
greater  porosity,  and  consequently  a  greater  amount  of  surface 
for  atmospheric  influences,  is  attained  in  this  more  highly  nitro- 
genous, and  more  powerfully  absorbent  heavy  soil  at  Lou 
Weedon,  than,  by  an  equal  expenditure  of  mechanical  means, 
could  be  attained  in  the  one  at  Rothamsted.  The  Lois  Weedon 
light  land  too,  certainly  contained  more  nitrogen  than  the 
Rothamsted  soil  in  its  natural  state;  and,  as  we  have  seen, 
would  in  that  same  state,  in  all  probability,  acquire  more  under 
equal  climatic  circumstances,  and  yield  up  more  in  a  given  time 
to  the  growing  crop. 

It  would  be  taking  a  very  narrow  view  of  the  case  to  suppose, 
that  no  other  circumstances  than  an  increased  supply  of  nitrogen 
within  the  soil  have  had  their  share  in  the  success  of  the  wheat 
crop  at  Lois  Weeclon.  There  is  no  doubt  that  the  methods  there 
adopted  are  well  fitted  to  develop  to  the  highest  degree  the 
healthy  distribution  of  both  the  underground  and  aboTe-groond 
feeders  of  the  plant.  Those  methods  favour  also  the  liberation, 
the  elaboration,  and  the  distribution  throughout  the  root-searching 
area  of  the  plant,  of  the  mineral  food  of  the  crop,  in  a  manner 
that  it  would  be  impossible  to  emulate  in  the  application  of 
direct  manures.  This  system  moreover,  independentiy  of  the 
mere  amount  of  available  nitrogen  provided  within  the  soil  by 
its  means,  secures  also,  better  than  any  other  means  could  do,  the 
perfect  distribution  of  the  assimilable  nitrogenous,  wherever 
there  is  a  liberal  supply  of  the  assimilable  mineral  food.  It  so 
happens  too,  that  it  is  just  those  soils  which  are  known  to  pos- 
sess generally  the  greatest  absorptive  and  retentive  powers,  that 
have  generally  also  the  greatest  stores  of  most  of  the  necessary 
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mineral  constituents  of  our  crops.  It  is  not,  however,  all  which 
possess  these  physical  or  chemical  powers  of  surface,  and  these  in- 
herent mineral  riches,  that  will  allow,  with  equal  ease,  the  expo-> 
sure  of  an  equal  surface  for  the  development  and  available 
activity  of  these  powers  and  stores. 

That  the  nitrogen  shown  to  exist  in  soils  by  the  methods  of  ana- 
lysis which  have  generally  been  adopted,  does  not  necessarily  so 
exist  in  a  form  readily  and  within  a  limited  period  assimilable  by 
plants,  is  easily  demonstrable.  Thus,  with  a  view  to  this  point, 
several  of  the  soils  which  have  been  the  subject  of  this  paper  were 
operated  upon  as  follows.  A  given  weight  (100  grains)  was  put 
into  a  flask,  20  ounces  of  water  added,  and  a  little  strong  caustic 
potash  ley.  The  flask  was  then  connected  by  a  tube  with  a 
Liebig's  condenser,  and  heat  applied  so  as  to  keep  the  mixture 
gently  boiling.  A  series  of  smaller  flasks,  gauged  and  marked 
to  hold  exactly  4  ounces  each,  were  then  successively  attached  as 
receivers,  until  three  separate  fifths  of  the  original  bulk  of  fluid 
had  been  collected.  It  has  been  shown  by  Boussingault,  that 
when  very  dilute  solutions  of  ammonia  or  ammoniacal  salt  are 
distilled  in  this  way,  practically  the  whole  of  the  ammonia  will 
come  over  in  the  first  two-fifths  of  the  distillate.  And  it  is 
obvious  that  boiling  a  soil  in  a  fine  state  of  division  with  dilute 
caustic  potash  for  two  or  three  hours,  would  liberate  a  very  much 
larger  proportion  of  its  nitrogen  in  the  form  of  ammonia  than 
could  be  rendered  soluble  and  available  for  plants  in  many  years 
of  the  influence  of  air  and  moisture  upon  a  soil  in  the  very 
limited  state  of  division  in  which  it  exists  in  cultivated  land. 
Collecting,  however,  a  distillate  of  three  separate  fifths,  super- 
saturating each  with  a  known  quantity  of  a  test  acid,  adding 
litmus,  and  then  neutralising  by  a  test  alkaline  solution,  it  was 
found  that  only  a  small  proportion  of  the  nitrogen  existing  in  the 
soil  (the  quantity  varying  slightly  with  the  rapidity  of  the  distilla- 
tion) was  obtained  in  the  distillates.  And  quite  conformably  with 
the  point  established  by  Boussingault,  and  confirmed  in  our 
own  experiments  in  the  case  of  rain-waters,  the  first  fifth  con- 
tained by  far  the  larger  proportion  of  the  whole  ammopia  which 
came  over;  the  third  fifth,  in  fact,  containing  very  little.  It 
was,  however,  found,  that  a  very  much  larger  proportion  of  the 
total  nitrogen  distilled  over  as  ammonia  from  the  soils  after  they 
had  been  submitted  to  ammoniacal  vapours  as  above  described, 
than  before  they  had  been  so  treated.. 

Although,  therefore,  it  may  generally  happen  that  a  soil  which 
contains  the  highest  per  cent,  of  nitrogen  may  have  a  greater 
aptitude,  if  well  worked,  both  to  acquire  more  and  to  yield  up  its 
accumulated  stores,  and  hence,  so  far  be  more  fertile,  yet  it  is  ob- 
viously quite  inadmissible  to  suppose^  that  the  addition  of  a  com- 
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parativclj  small  amount  of  nitrogen  to  the  soil,  in  a  form  prored 
to  be  readily  accessible,  can  be  of  no  avail,  simply  because  the 
soil  itself  already  contains  a  much  larger  ^absolute  amount;—^ 
though,  from  its  distribution  and  state  of  combination,  it  may  be 
but  in  very  small  proportion  available  within  a  single  season. 
That  soils  are  not  necessarily  more  fertile  because  they  contain  a 
larger  actual  amount  of  nitrogen,  is  interestingly  illustrated  in 
the  effects  of  burning  clays.  The  burnt  clay  after  some  exposorCy 
as  has  been  shown  by  Professor  Voelcker,  contains  a  much  less 
percentage  of  nitrogen  than  the  unbumt.  No  doubt  the  in* 
creased  supply  of  available  mineral  food,  as  well  as  the  change 
of  texture  by  which  the  roots  of  the  plant,  as  well  as  the  atmoi* 
phere,  are  enabled  better  to  permeate  the  soil,  have  much  to  do 
with  the  result.  That  this  is  so,  may  indeed  be  judged,  by  a 
consideration  of  the  descriptions  of  crop  grown  with  most  advan- 
tage after  the  burning  process.  There  can  be  little  doubt,  how 
ever,  that  the  smaller  amount  of  combined  nitrogen,  newly 
acquired  by  the  porous  burnt  soil,  will  be  much  more  accessible 
to  the  plant  than  the  larger  amount  locked  up  in  the  unbunit 
clay  ;  and  to  this  circumstance,  in  all  probability,  a  fair  share  of 
the  beneficial  effects  of  burning  should  be  attributed.  In  fact, 
this  smaller  amount  of  accessible  nitrogen  in  the  exposed  burnt 
clay,  has  a  much  greater  proportional  effect  as  compared  with 
that  in  the  unbumt,  just  as  the  smaller  amount  added  in  manure 
in  an  available  form  has  a  striking  effect  in  an  ordinary  soil» 
notwithstanding  that  the  latter  may  contain  an  enormously  larger 
amount,  but  in  a  less  accessible  condition. 

It  is  further,  we  think,  very  doubtful  whether  ordinary  agriad" 
turally  cultivated  soils,  even  contain^  in  any  form,  so  large  an 
amount  of  nitrogen  as  the  uncritical  reader  might  be  led  to  sup* 
pose  from  the  statements  on  this  point  given  by  Baron  Liebig  in 
the  last  number  of  this  Journal.  The  percentages  given  in  soils 
by  Dr.  Krocker,  whose  figures  Baron  Liebig  does  not  quote 
in  the  Paper  referred  to,  agree  very  closely,  in  range  with  our 
own  experience  in  such  matters.*  Of  those  which  he  has  now 
brought  more  prominently  forward,  and  which  we  have  quoted 
in  full  at  an  earlier  page,  the  range  is  in  some  cases  so  high,  and 
the  discrepancies  between  the  individual  analyses  of  the  same 
soil,  as  already  shown,  so  great,  that  we  are  disposed  to  place 
much  more  confidence  in  the  medium  amounts  given  in  that 
Table.  Then,  again,  neither  the  Russian  black  earthy  nor  the 
soils  of  gardens  or  woods  (the  latter  being  the  only  ones  given  by 


*  Dr.  Krockcr's  results  will  be  found  in  the  Appendix  to  Baron  Liebig's  4tli 
English  Edition  of  his  Chemistry  in  its  Applications  to  Agriculture  and  Physiotogy, 
p.  276. 
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Baron  Liebig  as  analysed  by  himself),  can  be  taken  as  parallel 
with  ordinary  farming-land,  under  ordinary  cultivation. 

Witli  regard  to  any  estimates  that  might  be  made  from  our 
ofvn  determinations  of  nitrogen  in  the  soils  at  Rothamsted  and 
Lois  Weedon,  of  the  probable  acreage  amount  within  a  given 
depth,  it  may  be  observed,  that  the  result  obtained  and  published 
ten  years  ago  of  the  amount  of  nitrogen  in  the  soil  of  our  conti- 
nuously unmanured  wheat  plot  (0*2  p.  c),  was  considerably 
higher  than  that  now  recorded  in  Table  IV.  This  was  to  a  great 
extent  due  to  the  fact,  that  the  earlier  sample  was  taken  to  little 
more  than  half  the  depth  of  the  recent  one.  By  reference  to  the 
analysis  book  we  also  find  that,  for  a  substance  containing  so  small 
an  amount  of  nitrogen,  much  too  small  a  quantity  was  submitted  to 
analysis.  There  is  also  the  consideration,  whether  or  not  part  of 
the  difference  is  due  to  the  reduction  of  the  condition  of  the  land  in 
regard  to  nitrogen,  by  the  removal  of  ten  more  unmanured  wheat 
crops.  It  is  clear,  however,  that  the  determination  of  nitrogen  made 
upon  a  sample  taken  to  only  half  that  depth,  cannot  be  taken  in 
estimating  tlie  probable  acreage  amount  to  the  depth  of  one  foot. 
Til  en,  again,  since  the  analyses  now  recorded  were  made  upon 
samples  taken  to  the  depth  of  only  nine  inches,  the  calculated 
acr«'a<2:e  amounts  one  foot  deep,  given  in  the  lower  part  of 
Table  IV.  for  comparison  with  Baron  Liebig's  adopted  depth  of 
one  toot,  must  obviously  be  too  high.  With  these  explanations^ 
then,  as  to  the  degree  of  applicability  of  our  figures  to  any  esti- 
mates of  acreage  amounts,  the  results  are  committed  to  the  reader, 
as  some  additional  data  on  the  many  points  of  interest  which  this 
question  of  the  nitrogen  in  soils  involves. 

It  was  our  hope  and  intention,  had  our  time  permitted  it,  to 
have  included  within  the  limits  of  this  paper  a  short  review  of 
exist  ins:  knowledge,  and  especially  of  the  results  and  tendency 
of  the  investigations  of  recent  times,  bearing  upon  the  sources  of 
available  nitrogen  to  cultivated  plants,  both  within  and  without 
the  soil.  It  is,  indeed,  remarkable  how  many  are  the  inde- 
pendent researches,  from  experimenters  both  numerous  and 
varied  in  their  pursuit  and  object,  which  have  come  in  upon  this 
field  of  inquiry  during  the  last  few  years.  It  is  not  less  remark- 
able, that  the  subject  of  agricultural  chemistry,  perhaps  more  than 
any  other,  has  demanded  and  successfully  incited  a  rigid  investi- 
gation of  methods  of  research;  and  it  has,  both  in  this  country, 
in  Germany,  and  in  France,  led  to  improvement,  and  a  much 
greater  degree  of  accuracy,  in  some  of  the  most  difficult  depart- 
ments of  chemical  analysis.  Besides  the  establishment  of 
methods  for  the  determination  of  quantities  of  ammonia  and 
nitiic  acid,  formerly  far  too  minute  to  be  made  the  subject  of 
successful   quantitative   estimation,  the   analysis   of  gases,  the 
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peculiar  influences  of  the  sun's  rays,  meteorological  phenomeiu 
generally,  vegetable  physiology  in  its  various  departments,  struc- 
tural and  functional,  not  a  little  aided  by  the  revelations  of  the 
microscope,  are  all  now  receiving  their  special  study,  and  will 
find  their  special  application  in  the  elucidation  of  important 
agricultural  questions.  And,  although  we  cannot  fail  to  see 
that  all  will,  sooner  or  later,  conspire  to  give  security  to  the  next 
important  step  in  these  inquiries,  it  must  be  freely  admitted, 
that  as  yet  the  difference  of  opinion  is  so  great,  and  there  really 
are  so  many  points  undetermined,  that  we  may  rest  satisfied  to 
delay  for  the  present  the  summary  we  had  intended  to  give,  in  the 
hope  that,  when  the  opportunity  next  occurs,  we  may  have  a  less 
questioned  advance  to  record. 

In  conclusion,  the  field  results  recorded  in  the  foregoing  paga 
have  clearly  shown  that,  from  some  cause  or  other,  the  endeavour, 
by  given  mechanical  operations,  to  attain  a  deep  and  porous 
staple,  with  the  admixture  with  the  surface  of  a  certain  portion  of 
the  subsoil,  was  quite  insufficient  to  secure  in  the  Rothamsted 
soil,  those  conditions  of  texture  and  of  other  qualities  incident  to 
it,  essential  to  the  successful  start,  and  healthy  after  development, 
especially  of  an  early  thinly-seeded  wheat  crop.  The  field  ex- 
periments also  afford  coqclusive  evidence,  that  the  defect,  so  far 
as  it  was  chemical,  was  not  connected  with  a  deficiency  of  avail- 
able mineral,  relatively  to  available  nitrogenous  food.  The  con- 
cluding experiments  showed,  on  the  contrary,  that  an  increased 
provision  of  nitrogen  in  the  soil,  by  manure,  gave  a  very  much 
larger  amount  of  increase  on  the  now  more  thickly-seeded  land, 
than  an  increased  supply  of  the  mineral  constituents  of  the  crop 
could  do.  That  such  should  be  the  result  on  the  land  at  Rot- 
hamsted, where  the  Lois  Weedon  plan  had  failed,  was  perfectly 
consistent  with  the  limited  degree  of  porosity  for  the  exposure  of 
surface  to  atmospheric  influences,  and  for  the  permeation  of  the 
roots,  which  had  been  attained  by  the  means  ^employed.  It  is  also 
perfectly  consistent  with  those  views  as  to  the  sources  of  the 
resultant  effects  of  fallow,  and  as  to  the  characteristic  action  of 
different  constituents  of  manure  on  ordinarily  cultivated  land, 
upon  which  we  have  so  often  insisted. 

The  results  in  the  laboratory  again,  have  borne  their  consistent 
evidence  on  every  point.  Thus,  bearing  in  mind  at  the  same  time 
the  comparative  character  as  to  porosity  of  the  Lois  Weedon  and 
the  Rothamsted  soils,  it  is  found  that,  taking  a  given  amount  of 
each  in  its  natural  state,  both  of  these  more  porous  soils  at  Lois 
Weedon  contain  more  nitrogen  than  those  at  Rothamsted.  One 
of  them  again  has,  besides  its  greater  exposed  surface  in  the 
field,  no  doubt  associated  with  a  greater  susceptibility  to  atmos- 
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pheric  influences  generally,  a  greater  power  of  absorption  for 
ammonia  in  relation  to  a  given  surface.  The  other  of  these  Lois 
Weedon  soils,  although  absorbing  a  less  amount  of  ammonia  in 
relation  to  a  given  weight  having  an  equal  surface  exposed,  un- 
doubtedly offers,  under  equal  circumstances  in  the  field,  a  much 
larger  amount  of  surface  for  absorption  than  the  soils  at  Rotham- 
sted.  Indeed,  we  can  have  little  doubt,  that  to  the  difference 
between  the  respective  soils  in  the  degree  of  the  conjoint  influ- 
ences of  mechanical  division,  and  of  power  of  absorption  and 
liberation  (in  part  depending  on  it)  of  a  sufficiency  of  available 
nitrogen  relatively  to  the  available  mineral  constituents,  must  in 
great  measure  be  attributed  the  difference  in  the  results  obtained 
at  Lois  Weedon  and  at  Rothamsted. 

Further,  in  the  results  which  have  been  recorded,  whether  in 
the  field  or  in  the  laboratory,  we  find  additional  confirmation  of 
the  view : — 

"  That  the  chemical  effects  oi  fallow,  in  increasing  the  growth  of  the  cereal 
grains,  are  not  measurable  by  the  amount  of  the  additional  mineral  food  of 
plants  liberated  thereby ;  these  being,  under  ordinary  cultivation,  in  excess  of 
the  assimilable  nitrogen  existing  in,  or  condensed  within,  the  soil  in  the  same 
period  of  time.  The  amount  of  Uie  latter,  therefore — («.  «.)  the  availuhU 
nitrogen — is  the  measure  of  the  increased  produce  of  grain  which  will  be 
obtained." 

But  the  system  adopted  by  the  Rev.  Mr.  Smith,  of  growing 
wheat  year  after  year  on  alternate  strips  of  the  same  land,  and  as 
a  general  rule  without  any  restoration,  directly  or  indirectly,  of 
the  mineral  constituents  removed  in  the  crops,  certainly  does  not 
come  within  the  definition  of  "  ordinary  cultivation^^  as  referred 
to  in  the  paragraph  just  quoted.  Whilst,  therefore,  a  soil  not 
only  rich  in  the  absolute  amount  of  the  mineral  constituents  of 
the  crop,  but  one  capable  of  sufficient  mechanical  division,  and 
susceptible  to  the  liberating  action  of  atmospheric  influences,  is 
absolutely  essential  to  the  success  of  the  plan,  yet  all  experience, 
practical  and  experimental,  tends  to  show,  that  a  large  amount  of 
inherent  mineral  stores,  and  their  easy  liberation,  or  available 
form  for  the  use  of  the  plant,  will  only  suffice  for  the  production 
of  full  crops  of  wheat,  provided  there  be  at  the  same  time  a  liberal 
supply  of  available  nitrogen  within  the  soil  itself. 
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XXIII. — On  the  Qmjitity  of  Nitric  Acid  and  Ammonia  in  Itaiif 
Water.  By  J.  T.  Way,  15,  Welbeck  Street,  Cavendish 
Square. 

It  will  be  in  the  recollection  of  the  readers  of  this  Journal,  that, 
in  the  midsummer  number  for  1856,  I  published  a  paper 
^  On  the  Composition  of  the  Waters  of  Land-drainage  and  of 
Bain,'  in  which  I  gave  analyses  of  the  rain-water  of  each  month 
in  the  year  1855,  collected  at  Rothamsted,  and  kindly  supplied 
to  me  for  the  purpose  by  Mr.  Lawes. 

In  order  to  save  the  necessity  of  reference,  I  will  very  briefly 
state  the  results  of  that  examination.  It  should  be  premised  tha^ 
up  to  the  time  from  which  the  investigation  in  question  dates,  the 
methods  in  existence  for  the  determination  of  the  very  minute 
quantities  of  nitric  acid  and  ammonia  present  in  rain-water  were 
of  so  faulty  and  incomjplete  a  character,  that  no  reliance  could 
be,  or  by  competent  judges  was,  placed  in  the  few  isolated 
results  which  had  been  published  on  this  head;  and  opinions 
on  the  amount  of  influence  which  the  nitrogenous  elements  of 
rain-water  might  exercise  on  vegetation,  were  loose  and  specu- 
lative in  the  extreme.  By  the  aid  of  entirely  new  and  highly 
refmed  methods  of  analysis,  I  was  enabled  to  ascertain  with 
certainty  what  quantity  of  nitric  acid  and  ammonia  was  brought 
down  to  the  soil  by  the  rain-water  of  each  month  in  the  year 
1855.     It  was  found  generally  :— 

1.  That  the  total  quantity  of  nitrogen  brought  down  in  the 
form  of  rain  was  much  smaller  than  had  been  previoosly 
supposed,  and  that  it  was  altogether  insufficient  to  account  for 
the  amount  of  produce  obtained  naturally  in  uncultivated  and 
unmanured  soils. 

2.  That  of  the  nitrogen  so  brought  down  by  rain,  very  much 
the  larger  proportion  existed  in  the  state  of  ammonia. 

3.  That,  as  a  rule,  both  the  ammonia  and  nitric  acid  falling  in 
rain  in  any  one  month  were  in  direct  proportion  to  the  quantity 
of  such  rain,  modified  only  to  a  certain  extent  by  the  number  of 
occasions  on  which  rain  had  fallen. 

4.  That  nitric  acid  was  found  in  the  rain  of  each  month  of  the 
year,  and  consequently,  if  it  be  the  result  of  electrical  action, 
such  action  must  be  continuously  in  exercise  and  not  confined  to 
special  seasons. 

Such  were  the  general  conclusions  which  seemed  justified  by 
the  analysis  of  the  rain-water  of  different  months  in  the  year 
1855.  It  seemed  desirable  that  this  investigation  should  be 
extended  over  a  second  year,  and  accordingly,  by  the  help  of 
Mr.  Lawes,  who  has  a  second  time  placed  samples  at  my  disposal, 
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I  am  in  the  position  to  publish  analyses  of  the  waters  of  each 
month  of  the  present  year  (1856)',  together  with  those  of  a 
few  selected  samples  of  the  rain  of  thunderstorms,  &c.,  which 
seemed  likely  to  throw  light  upon  the  formation  of  these 
compounds  in  the  air. 

The  following  Table  shows  the  quantity  of  nitric  acid  and 
ammonia  per  gallon  of  rain-water  during  each  month  of  the  year 
1856,  and,  for  the  sake  of  comparison,  the  figures  before  published 
for  the  year  1855  are  given  in  another  column. 


Table  I. — Nitric  Acid  and  Ammonia  in  Rain-Water. 

(Grains  in  the  Imperial  Gallon). 

Ammonia. 

Nitric  Acid, 

1865. 

1866. 

1866. 

1866. 

January  ..      ,. 

0-092 

0-079 

0-017 

0-025 

February 

0-104 

0-136 

0  042 

0-018 

March 

0-086 

0-093 

0-021 

0-035 

April 

0-123 

0'146 

0-035 

0-018 

May         ..      .. 

0-080 

0'127  . 

0-035 

0-028 

June 

0-135 

0«113 

0-080 

0-047 

July         ..      .. 

0-061 

0  085 

0-017 

0-035 

August     . . 

O'OSO 

0-070 

0-060 

0-035 

September 

0-095 

0M21 

0  021 

0-035 

October    ..      .. 

0'06l 

0*060 

0-036 

•  9*032 

November 

0-054 

0-080 

0-018 

0-043 

" 

December 

0  067 

0-086 

0-017 

0040 

t 

The  differences  in  the  quantities  of  ammonia  and  nitric  acid 
of  the  two  years  are  only  such  as  would  be  anticipated  from  the 
circumstances  of  the  case,  whilst  the  general  resemblance  of  the 
figures  is  a  sufficient  proof  of  their  correctness.  But  little  in- 
formation, however,  is  to  be  obtained  from  these  results,  except 
in  connection  with  the  quantity  of  rain  falling.  The  following 
Table  exhibits  the  rainfall  per  acre,  with  the  quantity  of  nitric 
acid  and  ammonia  contained  in  it.  The  fourth  column  shows 
the  quantity  of  nitrogen  in  both  the^e  compounds. 

Tiie  reader  who  will  take  the  trouble  to  compare  this  Table 
with  the  corresponding  one  for  1855  in  the  last  number  of  the 
Journal,  will  find  that,  although  there  are  some  differences  in  the 
two,  the  present  figures  substantially  bear  out  my  previous 
results.  The  total  amount  of  nitrogen  present  in  both  its  com- 
pounds is  somewhat  greater  in  the  rain-.water  of  the  year  1856- 
than  in  that  of  last  year,  but  not  to  such  an  extent  as  in  any  way 
to  modify  the  practical  conclusions  to  which  we  were  led  when 
iletailing  the  former  experiments.  It  would  be  a  waste  of  time 
therefore  to  go  over  these  arguments  again.  It  is  quite  obvious 
that  the  nitrogen  of  rain  is  not  adequate  to  account  for  the  in- 
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fluence  of  the  atmosphere  as  a  source  of  nitrogenous  manure  to 
the  soil  and  plants. 

Table  II.— Nitric  Acid  and  Ammonia  in  Hain-Water  per  acre,  1866. 


Oalkmflof 
Bain. 


Nitric  Add 
inOraiiM. 


inOraint. 


Tolil 

KitRMD 

InGnSft 


January     

February 

March        

April 

May 

June 

July 

August       

September 

October      ..      

November 

December 

Total  in  lbs.  the  whole  year 


62,952 
30,586 
22,722 
59,083 
106,474 
43,253 
33,561 
59,859 
49.477 
65,033 
32,181 
50,870 


1561 
544 
806 
1063 
3024 
2046 
1191 
2125 
1756 
2075 
1371 
2035 


5005 
4175 
8108 
8614 
18313 
4870 
2869 
4214 
5972 
3921 
2591 
4070 


4526 
8579 
1945 


15863 
4540 
2670 
4021 
5S7S 
3767 
2489 
3352 


2*80 


9-53 


8-dl 


In  addition  to  the  samples  for  each  month  of  the  year,  Mr. 
Lawes  has  kindly  supplied  me  with  a  few  specimens,  which 
might  be  supposed  to  give  interesting  results — they  are  as 
follows : — 

June  20. — Heavy  thunder-rain  after  about  a  week  of  showery 
and  apparently  thundery  weather,  but  without  actual  sound  of 
thunder.  This  was  the  largest  fall  in  any  day  of  the  year 
(0*9676  of  an  inch).     It  contained — 

Nitric  acid 0*035  grains  per  gallon. 

Ammonia 0'091  „ 

This  is  if  anything  rather  below  the  average  quantity  of  both 
substances  in  the  rain  of  the  year. 

August  9,  A.M. — Thunder-rain  after  very  hot  dry  weather  for 
8  or  9  days  (0-1782  of  an  inch  in  the  day)— 

Nitric  acid 0*089  grains  per  gallon. 

The  quantity  of  water  at  my  disposal  did  not  allow  in  this  case 
and  others  that  follow  of  an  estimation  of  ammonia. 
August  9,  P.M. — ^Thunder-rain,  moderate  fall — 
Nitric  acid       0*0365 

August  11. — Heavy  thunder,  small  fall  of  rain  (0*0710  of 
an  inch) — 

Nitric  acid       0*1243 

These  last  examples  well  illustrate  the  fact  that  the  percentage 
of  nitric  acid  is  in  inverse  relation  to  the  fall  of  rain :  when  the 
latter  is  large,  we  have  a  small  proportion  per  gallon  of  nitric 
acid ;  on  the  other  hand,  when  the  rain  is  small,  we  find  a  bigger 
relative^  though  not  a  larger  actual^  quantity  of  nitric  acid. 
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The  nitric  acid  of  tbe  tbander-rain  ii  certainly  veiy  high,  Imt^ 
as  will  be  seen  shortly,  it  is  not  very  mucb  greater  than  the 
water  of  mist  and  fog,  and  we  are  hardly  jaatified  in  eoosidering 
these  results  as  corroborating  the  theoretical  explanation  of  the 
production  of  nitric  aqid  by  electrical  action. 

September  2. — ^Thunder-iain  — 

Nitric  add (H)86 

Ot^ober  22. — Frost,  mist,  f<^,  &c. — 

Nitric  add (W)71 

October  27, — Fog,  mbt,  &c.— 

Nitric  add (W71 

October  28.— Fog  and  mist- 
Nitric  add     0069 

October  30.— Fog,  mist,  and  little  rem — 

Nitric  add <H)88 

November  27.— Snow  which  fell  on  the  26thf  melted^  and 
collected  with  rain  on  the  Hih^  luge  total  fall— 

Nitricadd     ..     ....     ..     (H)68 

Ammonia      ..     ..     ..     ..    0*664 

The  quantity  of  ammonia  in  snow  it  here  seen  to  be  com- 
paratively very  large,  a  circomstanoe  which  has  been  repeatedly 
observed,  and  which  was  confirmed  by  the  late  experimeiita  of 
M.  Boussingault 

December  5,  a.m. — Snow  wbich  fell  on  the  2nd  ,and  Srd, 
melted,  collected  with  rain  on  the  5th^  moderate  iall — 
Nitricadd 0K)M1 

December  5,  p.m. — ^little  rain,  reiy  miaty  aU  day<*— 
Nitricadd OK)68 

It  appears  to  me  that  all  that  we  can  legitimiSdy  CMidtad^ 
from  these  results  is,  that  neither  in  the  case  of  nitric  aiSid  nor 
ammonia  is  the  quantity  present  in  the  air  sensibly  ilicreaaed  by 
such  influences  as  electricity,  beat,  &c. ;  for  so  fior  as  tbewafer  of 
rain  is  concerned  these'  compoonds  of  mtrogeH  ar^  inrUenll]^ 
inversely  proportionate  to  the  qnantity  fl^  water  lUliitt.  Iirtfae 
cases  of  thunder-rain,  the  fall  being  alight,  we  lia?e  m  Wge  pro- 
portion of  nitric  acid,  although  eren  Iben  not  macb  graater  ttiaa 
is  found  in  the  water  of  fogs  and  mists  where  the  infloence  of 
heat  or  electricity  is  not  supposed.  Where^  however,  a  fair 
quantity  of  rain  falls  accompanied  with  thunder,  we  find  only  tbe 
average  proportion  of  nitric  add.  The  xefireahiag  influence  on 
vegetation  of  a  thunder-shower  ia  doe  to  the  mncb-needed  water 
as  water,  and  not  to  its  being  a  rebide  of  nitrogenona  manure^ 
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MISCELLANEOUS  COMMUNICATIONS  AND  NOTICES. 


VII. — Cultivation  and  Tenure  of  Land  in  Scotland  and  the  Chaand 
Islands.  Communicated  by  Charles  Bowyer  Adderle y,  M.P., 
Hams  Hall,  Coleshill. 

Extract  of  a  Letter, 

October  20,  1856. 

I  HAVE,  within  the  last  few  weeks,  visited  Scotland  and  the 
Channel  Islands,  and  I  cannot  say  how  much  I  have  been  strack 
by  the  contrasts  which  those  extremes  of  the  United  Kingdom 
exhibit  in  their  rural  economy.  I  had  heard  much  of  the  pro- 
gress which  the  system  of  giving  leases  and  letting  farms  by 
tender  had  made  of  late  years  in  Scotland,  but  I  had  qo  idea  of 
the  extent  to  which  it  has  been  already  carried.  I  believe  it  is 
now  as  rare  to  find  a  farm  unl eased  in  Scotland  as  to  find  one 
leased  in  England.  The  usual  term  is  either  19  or  21  years, 
and  the  farmer  no  more  considers  that  he  has  a  claim  to  renewal 
at  the  end  of  it  than  he  has  to  the  fee-simple  of  the  land.  He 
makes  his  calculations  entirely  on  the  basis  of  keeping  the  farm 
so  long,  and  no  longer ;  if  he  looks  to  getting  a  renewal,  it  jpust 
be  by  paying  at  least  as  high  a  rent  as  can  be  got  in  the  market, 
for  he  knows  that  tenders  will  be  advertised  for,  and,  ctBteris 
paribus^  the  highest  taken.  The  sums  invested  by  farmers  in 
permanent  improvements  on  certain,  though  limited  tenures, 
guaranteed  by  lease,  are  almost  incredible.  A  very  intelligent 
T weeds ide  farmer  told  me  that  a  neighbour  of  his,  a  tenant  of  Sir 
Thomas  Brisbane's,  had  invested  40,000/.  (including  stock)  op  a 
farm  of  1000  acres,  for  which  he  paid  2L  2s.  an  acre.  This  is 
probably  an  extreme  case,  but  20/.  an  acre  is  by  no  means  uncom- 
mon. Yet  all  agree  that  no  business  has  paid  better  than  farm- 
ing for  the  last  ten  years.  Under  the  new  system  rents  have 
risen  enormously,  in  many  cases  50  per  cent.,  and  it  is  satisfac- 
tory to  find  that  the  labourers  have  shared  in  the  general  pros- 
perity, wages  having  risen  from  10^.  or  11^.  to  lis.  or  15i.  in 
the  agricultural  districts.  One  farmer  told  me  he  gave  in  harvest 
18^.  and  food.  It  is  strange  that  in  Scotland,  where  so  much  of 
feudal  sentiment  has  lingered  so  long,  and  indeed  still  lingers, 
this  purely  commercial  system  of  land-letting  should  have  esta- 
blished itself,  while  in  England  it  is  hardly  known.  The  cause, 
I  think,  lies  not  in  any  deliberate  change  of  opinion  or  feeling, 
but  in  the  necessities  of  the  Scotch  landlords,  who  have  been 
driven  to   turn   their  property  to  the  most  profitable  account, 
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without  reference  to  any  other  consideration.  In  England,  on 
the  other  hand,  the  landlords  have  acted  under  the  influence 
partly  of  personal  sympathies  and  attachments,  and  still  more  of 
a  desire  to  keep  up  their  political  power,  and  they  can,  generally 
speaking,  afford  to  make  pecuniary  considerations  subordinate  to 
such  motives. 

Well,  in  Jersey  and  Guernsey  you  see  the  precise  converse  of 
what  I  have  b'een  describing.  Instead  of  latge  fartns,  scientific 
agriculture,  and  a  shifting  tenantry  of  educated  gentlemen- 
larmers,  with  large  capital  and  commercial  ideas,  you  have  farms 
averaging  10  acres  (each  farm  generally  a  separate  6state),  primi- 
tive though  careful  cultivation,  families  living  upon  and  farming, 
the  same  land  for  hundreds  of  years,  and  apparently  much  in 
the  same  way  and  with  the  same  tools  as  hundreds  of  years  ago. 
Each  of  these  little  estates  or  farms  is  divided  froin  its  neighbour 
by  an  immense  hedgerow,  so  that  the  .country  from  a  height  looks 
like  a  continuous  wood.  Ihe  farmhouses  are  substantial  stone 
buildings,  as  good  externally  as  ordinary  farmhouses  in  War- 
wickshire, but  the  people  live,  I  wiis  told,  more  hatdly  and 
poorly  than  English  labourers,  very  rariely  eating  meat,  and 
scarcely  taking  as  much  rest  as  is  suflicient  to  preserve  health,* 
such  is  their  covetous  industry.  The  amount  of  produce  that 
they  get  out  of  the  land  is  marvellous,  the  average  retit  of  it 
being  quite  4/.  an  acre.  It  is  curious  to  see  how  each  of  the  two 
systems  I  have  been  describing,  opposed  as  they  are  to  each 
other,  results  in  immense  produce,  far  greater  than  what  may  be 
called  the  intermediate  system,  which  prevails  in  England,  does. 
I  suppose,  the  largest  amount  of  all  is  produced  in  the  Channel 
Islands,  but  then  they  have  great  advantages  in  their  soil  and 
climate  (which,  I  think,  are  on  the  whole  more  favourable  to 
vegetation  than  any  other  that  I  have  seen),  in  the  abundance, 
close  at  hand,  of  seaweed  manure,  in  (what  may  be  called)  an 
artificial  market  afforded  by  4000  or  5000  resident  stfafigers, 
and  in  the  remarkably  industrious,  laborious,  and  acquisitive 
character  of  the  Norman  race  which  inhabits  them  —  a  cha- 
racter which  appears  to  compensate  by  the  possesi^ion  of  those 
qualities  for  the  want  of  Anglo-Saxon  intelligence  and  enteif-" 
prise.  At  any  rate,  the  rural  economy  of  Guernsey  and  Jei^ey 
is  not  transplantable ;  it  may  subsist  and  prosper  indefiilitety 
in  these  days  where  it  has  been  handed  down,  but  no  one 
would  think  of  creating  it  where  it  did  not  exist;  whereas  the 
Scotch  system,  with  all  its  drawbacks  (and  in  a  moral  and  social 
point  of  view  they  are  many),  is  conceived  in  the  very  spirit  of 
the  age,  and  will,  I  have  no  doubt,  eventually  prevail  throughout 
the  whole  of  this  kingdom. 

~  2  T  2 
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VI II. — Prevention  of  Injury  from  the  Turnip  Fly, 
By  T.  L.  Thuklow. 

Sir, — Finding  that  the  statements  from  different  agricultural  dis- 
tricts report  much  loss  to  the  swede  crop  from  "  the  fly,**  I  am 
induced  to  communicate  a  plan  which  has  this  season  been  acci- 
dentally tried  here,  and,  as  far  as  I  can  judge,  found  to  answer,  in 
the  hope  that  at  all  events  it  may  attract  the  notice  of  practical 
farmers,  and  induce  them  to  consider  the  subject. 

In  the  beginning  of  July  last  I  told  my  father's  bailiff  to  drill 
a  9-acre  field  with  swedes,  and  left  home  the  day  after ;  on  my 
return,  on  asking  him  about  tlie  field,  he  stated  that  the  field  was 
drilled,  but  that,  not  having  swede  seed  enough,  and  thinking  it 
very  late  for  swedes,  he  had  drilled  half  swedes  and  half  turnips, 
viz.  1 J  lb.  of  each  to  the  acre. 

On  walking  over  the  field  some  little  time  after,  I  found  a  fair 
crop  of  swedes,  but  hardly  a  single  turnip  (there  are  not  twelve  in 
the  field).  It  appears  that  the  fly  took  the  whole  of  the  turnips, 
but  left  the  swedes.  The  impression  on  my  mind  was  that  the 
Aurnip-seed  was  bad,  but  on  testing  it  by  growing  some  in  pots 
it  was  found  to  be  good. 

About  two  weeks  previously  to  the  time  when  the  9-acre  field 
was  drilled,  2  acres  of  ground  at  a  little  distance  from  it  were 
drilled  with  swedes  from  the  same  batch ;  they  were  drilled  in 
with  2  cwt.  of  superphosphate  and  15  bushels  of  wood-ashes  to 
the  acre,  the  field  having  been  previously  manured  with  17  Ioac|f 
of  fatting  dung  to  the  acre.  These  swedes  came  up  and  grew  away 
well,  but  the  fly  took  the  whole. 

During  the  turnip  season  of  1855  the  fly  was  very  troublesome 
(they  had  about  half  destroyed  a  field  of  turnips),  when,  thinking 
it  was  necessary  ''  to  do  something,"  I  set  out  3  equal  plots  in  the 
field,  and  having  had  a  little  hand  dusting  machine  made  to  take 
2  drills  at  a  time,  while  the  dew  was  on  the  ground,  had  No.  1 
plot  dusted  with  soot ;  No.  2  with  soot  and  lime  in  equal  qnan- 
tities  ;  No.  3  with  lime.  The  total  quantity  in  each  case  used 
for  dusting  was  about  34-  bushels  per  acre. 

The  result  of  this  experiment  was  that  the  fly  left  No.  1  plot 
undamaged,  but  injured  No.  2,  and  comparatively  speaking  still 
further  injured  No.  3 — saving  only  about  one-half  of  the  plant 
then  left. 

Baynard^s  Park^  Guildford^ 
November,  1856. 
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IX. —  On  certain  Obstructions  which  form  in  Draining  -  Tiles. 
By  M.  Herv£  MangoN.*  Translated  from  an  article  in  the 
French  Scientific  Review,  the  *  Cosmos.'  By  J.  EvELYN" 
Dexison,  M.P. 

I>^  certain  soils  the  water  from  drains  forms,  more  or  less  quickly, 
a  deposit  of  solid  matters  which  create  an  obstruction  in  tiles, 
prevent  all  flow,  and  render  the  work  done  useless.  This  is 
the  most  serious  mischief  which  can  happen  to  works  of  drainage ; 
and  unless  it  can  be  prevented,  it  is  vain  to  attempt  the  improve- 
ment of  lands  liable  to  be  so  afiFected,  by  draining.  The  ob- 
structions formed  in  tiles  by  the  chemical  deposit  of  substances 
lield  in  solution  in  the  drainage- water  are  of  two  different  natures. 
One  is  formed  principally  of  carbonate  of  lime ;  the  other  con- 
tains a  large  proportion  of  oxide  of  iron,  and  exhibits  an  ochreous 
colouring,  whicli  has  acquired  for  it  the  name  of  the  ferruginous 
deposit. 

I  will  now  explain  the  results  of  my  investigations  into  these 
two  classes  of  obstructions,  and  the  simple  means  by  which  I  am 
enabled  to  prevent  their  formation  in  draining-tiles. 

Calcareous  Obstructions, — Spring  waters  in  calcareous  soils 
contain  sometimes  a  sufficient  proportion  of  carbonate  of  lime  to 
form  incrustations  ;  that  is,  they  will  deposit  by  exposure  to  air  a 
greater  or  less  proportion  of  calcareous  salts.  The  same  phe- 
nomenon occurs  in  draining-tiles ;  the  bore  rapidly  diminishes, 
soon  it  becomes  insufficient  to  allow  a  passage  for  the  water 
which  should  flow  through  them,  and  the  fruits  of  a  great 
outlay  are  entirely  lost.  Waters  charged  with  carbonate  of  lime 
hold  it  in  solution  by  means  of  the  carbonic  acid  gas  which 
they  contain.  They  remain  limpid  as  long  as  the  gas  does 
not  disengage  itself.  The  calcareous  deposit  is  only  formed 
when  tlie  quantity  of  carbonic  acid  is  no  longer  proportioned  to 
the  calcareous  salt  which  the  water  contains.  The  formation  of 
calcareous  substances  in  drains  knay  therefore  be  obviated  by 
preventing  the  disengagement  of  the  carbonic  acid  in  the  water 
which  runs  in  the  drains.  This  is  easily  done  by  cutting  off  all 
communication  between  the  drains  and  the  external  air.  The 
small  quantity  of  atmospheric  air  in  the  subterraneous  conduits 
soon  imbibes  carbonic  acid  in  proportion  to  the  volume  of  gas 
dissolved  in  the  water.  This  has  then  no  longer  a  tendency  to 
disentjage  itself.  The  water  charged  with  the  calcareous  matter 
preserves  its  limpidity,  and  the  flow  may  continue  without  inter- 
ruption. Nothing  is  more  easy  than  to  realise  this  in  practice. 
It  is  only  necessary  to  place  an  air-trap  (un  regard  pneumatique) 

'  M.  Mancron's  paper  was  read  at  the  Institut  Imperial  de  France,  Acad^mie  des 
Soic'iices,  and  received  with  approbation,  at  the  sitting  of  August  25,  1856. 
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a  few  yards  above  the  outfall,  and,  if  it  can  be  convenientlj  done, 
at  the  points  of  junction  of  the   main  drains.     These  air-traps 

are  constructed  like  or- 
^''■•*™P-  dinar  J  traps,    with    two 

or  three  large  tiles  placed 
vertically  on  a  flat  stone, 
or  upon  a  large  flat  tile, 
and  covered  in  the  same 
manner;  a  little  bit  of 
solid  work  in  brick  or 
masonry  is  placed  at  the 
base  of  these  traps.  The 
tiles  which  discharge  into 
them,  in  greater  or  less 
number,  are  solidly  fixed, 
and  sometimes  built  in 
for  a  short  distance  to 
avoid  all  danger  of  dis- 
placement. But  contrary 
to  the  plan  pursued  with 
the  ordinary  trap,  the 
conducting  tile,  to  which 
an  increased  fall  is  given 
for  a  short  distance,  is 
placed  at  a  sligldly  lower 
level  than  the  discharging 
tile ;  by  this  device  the 
drain-tiles  are  cut  off  from  all  communication  with  the  outward 
air,  and  the  desired  condition  is  obtained. 

Ferruginous  Obstructions. — The  obstructions  of  this  nature  are 
formed  by  abundant  deposits  of  a  muddy  or  gelatinous  consis- 
tency. Tlieir  tint  varies  from  deep  red  to  faded  ochreous  yellow. 
When  the  deposits  are  formed  in  ralm  water  you  see  pellicules 
of  varied  hues  appear  on  the  surface,  wliich  the  smallest  agita- 
tion precipitates  to  the  bottom.  Tliese  deposits  rapidly  choke 
tiles  of  any  dimensions,  and  completely  stop  the  flow  of  the 
water.  Tlie  waters  in  which  these  deposits  are  formed  are  those 
especially  which  spring  from  lands  rich  in  oxide  or  in  sulphate 
of  iron,  from  bogs,  from  peaty  grounds,  and  from  lands  exposed 
to  infiltrations  from  woods  placed  on  a  higher  level.  The  pro- 
ducts designated  by  the  names  crenic  and  apocrenic  acids  play 
an  important  part  in  the  production  of  these  deposits.  The  study 
of  them  in  a  purely  chemical  point  of  view  merits  attention,  and 
I  propose  to  undertake  an  examination  of  them  as  soon  as  a 
favourable  opportunity  permits  me  to  collect  a  mass  of  materials 
sufficient  for  the  inquiry.  For  the  present,  in  a  practical  point 
of  view,  the  following  facts  will   sufiice : — ^T'hc  composition  of 
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these  deposits  is  necessarily  very  variable.  It  depends  doubtless 
on  the  nature  of  the  soil  traversed  by  the  waters  which  produce 
it.  On  the  other  hand,  the  deposits  are  almost  always  mechani- 
cally compounded  with  indeterminate,  but  often  considerable, 
proportions  of  clay,  of  fine  sand,  and  of  vegetable  detritus^ 

To  give  an  7dea  of  the  diSerences  of  composition  which  exist 
between  one  sample  and  another,  the  three  following  analyses  are 
supplied  : — 


Sand,  iron,  and  clay  insoluble  in  hydrochloric  acid     |  17*00  {    29*75 

Alumina         3*67  i       3*75 

Oxide  of  iron        37»67  49'70 

Carbonate  of  lime        ' \  6*83  8*48 

Carbonate  of  magnesia        ,      i  ..  3*34 

Water  in  combination,  substances  not  proportioned,! 

and  combustible  organic  matter,  azote  not   io-l  34*67  3*07 

eluded        ) 

iVzote      0-66  2*01 


100-00      100*00 


76*75 
5*75 
4*75 
3*66 
1-14 

7«55 

0'40 


100*00 


Sample  No.  1  was  collected  in  the  environs  of  Cassel ;  it  was 
only  dried  in  the  air.  The  other  two,  before  analysis,  were  dried 
at  a  temperature  of  about  80°.  Sample  2  was  collected  in  the 
environs  of  Arras,  and  sample  3  comes  from  Henonville  (Oise). 
I  boiled  100  portions  of  these  samples  with  potass. 

Sample  2.  Sample  3, 

Silica 7-63  5*35 

Alumina        traces  2*15 

7*63  7-50 

An  analogous  deposit,  collected  at  Drayton  Manor,  and  ana- 
lysed by  Mr.  Phillips  of  London,  furnished — 

Silica  and  alumina,  with  traces  of  lime      . .     49*20 

Peroxide  of  iron 27*80 

Organic  matter      23*00 


100*00 

It  would  be  difficult,  as  I  said  at  the  beginning,  to  deduce  very 
useful  conclusions  from  these  figures  without  more  detailed  re- 
s(»arch.  It  is  not  the  same  with  regard  to  the  following  facts,  of 
which  the  practical  interest  will  easily  be  appreciated.  When 
you  collect  a  recent  deposit,  and  some  of  the  water  from  which 
it  is  formed,  by  passing  the  whole  through  a  filter  you  will 
obtain  a  liquid  perfectly  pure.  This  liquid,  enclosed  in  bottles, 
entirely  filled,  and  well  corked,  or  placed  in  an  atmosphere  quit« 
deprived  of  oxygen,  preserves  its  transparency  indefinitely.  Ex- 
posed to  the  action  of  oxygen,  or  of  atmospheric  air,  it  becomes 
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turbid  in  a  few  moments,  and  begins  to  deposit  the  ochreout  matter 
which  forms  the  basis  of  the  obstructions  of  which  we  are  treatiDg. 
The  deposit  collected  in  the  drains,  or  in  the  ditches  into  which 
they  discharge  thenis(;lves,  may  be  easily  freed  from  the  liquid 
by  washings  with  pure  water.  By  exposure  to  air  the  tint 
becomes  more  red.  When  after  some  hours  it  ajfpears  no  longer 
to  vary  in  colour,  the  deposit  is  placed  in  a  bottle  filled  with 
water  and  well  corked :  the  red  tint  will  be  seen  to  become  bj 
degrees  dark  brown  or  almost  black.  After  some  weeks,  if 
the  produce  is  filtered,  a  pure  liquid  is  again  obtained,  bot 
which  rapidly  becomes  turbid  by  exposure  to  air,  and  sdlows 
the  ochreous  deposit,  of  which  I  have  spoken,  to  form.  At  the 
same  time  the  deposit  left  behind  in  the  filter  resumes  the  red 
tint  which  it  presented  at  the  moment  it  was  enclosed  in  the 
bottle.  The  same  series  of  obser^'ations  may  be  repeated  several 
times  by  the  same  sample.  The  product  in  question  presents 
then  this  double  character :  it  becomes  insoluble  by  its  ozydfr- 
tion,  and  it  is  able,  when  left  to  itself,  to  reduce  itself,  so  as  to 
become  partly  soluble.  If  you  place  three  or  four  cubic  centi- 
metres of  the  ochreous  precipitate,  recently  collected,  and  saturated 
with  the  water  from  out  of  which  it  was  formed,  in  a  prover  filled 
with  oxygen,  secured  over  a  bowl  of  mercury,  the  absorption  of 
gas  is  at  first  very  rapid,  t))en  it  slackens  by  degrees,  and  at  last 
ceases  altogether.  During  the  first  eight  days  of  one  of  my  ex- 
periments 14  cubic  centimetres  of  gas  were  absorbed,  while  on 
the  thirteen  following  days  5  cubic  centimetres  only  disappeared. 
The  mass  was  then  completely  of  a  red  tint,  and,  put  through  a 
filter,  gave  a  clear  liquid,  and  did  not  contain  in  solution  any 
product  worthy  of  remark.  The  liquid  which  impregnates  the 
new  precipitates  contains  variable  proportions  of  substances 
preci})itable  by  the  action  of  air.  We  have  obtained  up  to 
0'80  per  litre,  altliough  the  action  of  the  oxygen  had  already  pre- 
cipitated a  part  of  it.  Commonly  from  025  to  0*50  per  litre  will 
be  found,  which  is  sufficient,  on  account  of  the  lightness  of  the 
product  and  its  gelatinous  consistency,  quickly  to  produce  an 
obstruction  in  tiles.     From  these  facts  it  results — 

1.  That  tlie  waters  which  produce  the  ferruginous  obstruc- 
tions in  tiles  preserve  their  limpidity,  and  do  not  form  any 
deposit,  when  they  are  placed  beyond  the  reach  of  the  oxygen  of 
the  air. 

2.  'i'hat  a  deposit  recently  formed  can  exert  upon  itself  a 
reducing  action  which  makes  it  in  a  great  degree  return  to 
a  soluble  state. 

From  these  two  facts  it  is  easy  to  conclude  that  air-traps 
resembling  those  described  in  speaking  of  calcareous  de])osits, 
will  equally  prevent  the  fonnation  of  ochreous  deposits  in  drain- 
tiles.     In  the  second  case  the  trap,  instead  of  preventing  the  dis^ 
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persal  of  the  carbonic  acid,  as  in  the  first  case,  will  prevent  the 
entrance  of  the  oxygen  of  the  air.  If  a  little  of  the  gas  reaches 
the  tiles  during  great  droughts,  or  with  the  water  of  the  first 
rains,  some  deposits,  it  is  true,  may  accidentally  be  formed,  but 
they  will  re-act  upon  themselves  after  having  absorbed  the  oxygen 
contained  in  the  air  of  the  tiles,  they  will  speedily  return  to  a 
soluble  state,  and  they  will  be  easily  carried  along  by  the  move- 
ment of  the  water  in  the  drains  during  the  rainy  season. 

It  is  superfluous  to  add  that  drains  formed  in  land  subject  to 
produce  these  ferruginous  obstructions  ought  to  be  executed  with 
more  than  ordinary  care.  The  refilling  of  the  trenches  ought 
above  all  things  to  be  attended  to.  The  most  argillaceous  parts 
of  the  soil  should  be  chosen  to  plate  over  the  tiles ;  these  should 
be  chopped  fine  and  carefully  rammed  in  the  most  perfect  man- 
ner. The  composition  which  forms  the  basis  of  these  ferruginouaf 
incrustations  in  drain-tiles  is  found  in  great  qusoitities  in  soils 
circumstanced  as  above  described.  It  is  equally  fonnd,  but  in 
smaller  proportions,  in  many  other  soils.  It  probably  plays  art 
important  part  in  the  phenomena  of  vegetation.  It  is  not  im- 
possible, indeed,  that  it  is  in  this  particular  state  of  combination 
tliat  iron  introduces  itself  into  the  tissue  of  plants.  It  is  very 
probable  that  ammonia  may  be  formed  during  the  oxydation  of 
this  substance,  as  it  is  formed  when  iron  rusts  in  the  damp  air. 
The  experiments  which  I  have  in  hand  may,  I  hope,  place 
beyond  doubt  this  reaction  so  interesting  for  agriculture. 

The  chemists  who  have  spoken  of  the  ferruginous  obstructions 
of  drains,  supposed  with  reason  that  these  deposits  were  due  to 
the  oxydation  of  the  salts  of  the  protoxide  of  iron.  It  was 
generally  thought,  however,  that  they  were  formed  by  the  preci- 
pitation of  a  certain  quantity  of  the  carbonate  of  the  protoxide  of 
iron,  produced  in  the  bosom  of  the  earth  by  the  action  of  the 
organic  materials  on  the  peroxide  of  iron,  and  held  in  solution  in 
the  water  by  an  excess  of  carbonic  acid.  The  solubility  of  the  . 
carbonate  of  the  peroxide  of  iron  is  insufficient  to  explain  the 
abundance  of  some  of  these  deposits.  No  one,  moreover,  had 
demonstrated  positively  the  absorption  of  the  oxygen,  and  no  one 
had  observed  the  spontaneous  reduction  of  the  deposit,  which 
completely  insures  the  success  of  the  air-traps  of  which  I  have 
now  pointed  out  the  use  to  prevent  the  ochreous  obstructions  in 
drain-tiles. 

Herv^  Mangon. 


The  draining  operations  in  which  I  have  been  engaged  have 
been  chiefly  confined  to  clay  soils,  and  I  have  no  experience  of 
the  difficulties  caused  either  by  the  calcareous  or  the  ferruginous 
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deposit.  I  have,  however,  seen  the  mischievous  effects  of  the 
latter  in  boggy  grounds  drained  by  the  Duke  of  Portland.  The 
drains  were  constantly  choked  by  the  deposit,  called  by  the 
workmen  the  red  ochre.  I  have  inquired  of  Mr.  Tebbett,  the 
head-drainer  of  the  Duke  of  Portland,  whether  he  has  found  any 
remedy  for  this  evil — an  evil  of  a  serious  magnitude,  occurring 
as  it  does  in  drains  of  from  8  to  12  feet  deep,  the  reopening  of 
which  from  the  surface  causes  a  very  heavy  expense.  Mr. 
Tebbett  says,  in  answer,  that  the  only  remedy  with  which  he  if 
acquainted  is  to  flush  the  drains  with  fresh  water,  by  applying  it 
from  a  shaft  built  at  the  head  of  the  drains.  He  finds  this  ochreons 
deposit  occurs  generally  in  drains  made  in  boggy  land,  upon  sand- 
rock,  and  not  far  from  running  water.  When  first  made  these 
drains  require  flushing  every  five  or  six  weeks ;  after  a  time  the 
deposit  becomes  less,  and  a  larger  period  may  be  allowed  betweeo 
the  times  of  flushing.  If  an  air-trap  would  correct  the  evil,  it 
could  in  most  cases  be  easily  made,  and  would  be  a  valuable 
improvement. 

J.  Evelyn  Denison. 
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MEMORANDA. 

Address  of  Letters. — ^The  Society's  office  being  sitoated  in  the  new  poitil  dis- 
trict designated  by  the  letter  W,  members,  in  their  correspondenoe  with  the 
Secretary,  are  requested  to  subjoin  that  letter  to  the  nsual  address. 

General  Meeting  in  London,  on  Friday,  May  22, 1857,  at  Twdve  o*elodc. 

CouNTRT  Meeting  at  Salisbury,  in  the  week  commencing  July  20, 1857. 

General  Meeting  in  London,  in  December,  1857. 

Monthly  Council  (for  transaction  of  business),  at  12  o'clock  on  tiie  fint  Wed^ 
nesday  in  every  month,  excepting  January,  September,  and  October:  ops 
only  to  Members  of  Council  and  Governors  of  the  Society. 

Weekly  Council  (for  practical  communications),  at  12  o'clock  on  all  Wednesd^fi 
in  February,  March,  April,  May,  June,  and  July,  excepting  the  first  Wcdnesdsf 
in  each  of  those  months,  and  during  adjournment:  open  to  all  Members  of  tiw 
Society,  who  are  particularly  invited  by  the  Council  to  RTail  tkemaelTes  sf 
this  priyilege. 

Adjournments. — The  Council  adjourn  over  E^ter  week,  and  oficasionally  over 
Passion  and  Whitsun  weeks;  from  the  first  Wednesday  in  Aujnist  to  that  m 
November;  and  from  the  first  Wednesday  in  December  to  the  Snt  Wednesday 

in  February. 

Guano  analysed  for  Members  at  a  reduced  rate  by  Professor  Wat,  at  15,  WdRwdL 
Street,  Cavendish  Square,  London.— (Statement  of  Mepibers'  Privilcqes  of 
Chemical  Analysis  given  in  Journal,  vol.  XVII.,  Appendix,  pp.ziii,  zlTiyand 
may  be  obtained  separately  on  application  to  the  Secretary.) 

Diseases  of  Cattle,  Sheep,  and  Pigs.— Members  have  the  privilege  of  app^ngts 
the  Veterinary  Committee  of  the  Society ;  and  of  sending  *nim«lff  to  the  Roytl 
Veterinary  College,  on  the  same  terms  as  if  they  were  tnbieriben  to  the 
Collejre.— (Statement  of  Members'  Veterinary  Privileges  given  in  Jomma]* 
vol.  XI.,  Appendix,  pp.  viii,  ix;  vol.  XII.,  Appendix,  p.  iv;  voL  XIIL, 
Appendix,  p.  xxxiv ;  vol.  XIV.,  Appendix,  p.  v ;  and  may  be  had  aepantdy 
on  application  to  the  Secretary.) 

Local  Cheques:  requested  not  to  be  forwarded  for  payment  in  London;  but 
London  Cheques,  or  Post-office  Orders  (payable  to  "James  Hudson"),  to  be 
sent  in  lieu  of  them.  Members  may  conveniently  transmit  thdr  Subaeriptioitf 
to  the  Society,  by  requesting  their  Country  Bankers  to  pay  (thnnigfa  their 
London  Aeents)  the  amount  at  the  Society's  Office  (No.  12,  Hanover  Sqnare, 
London),  between  the  hours  of  ten  and  four,  when  official  receiptiy  signed 
by  the  Secretary,  will  be  given  for  such  payments. 

New  Members. — 1.  Nomination:  Every  candidate  for  admission  into  the  Sodety 
must  be  proposed  by  a  Member ;  the  proposer  to  specify  in  writing  the  nani^ 
rank,  usual  place  of  residence,  and  post-town,  of  the  candidate,  either  at  a 
Council,  or  by  letter  to  the  Secretary.  Every  such  proposal  irill  be  read  it 
the  Council  at  which  such  proposal  is  made ;  or,  in  the  case  of  the  Candidata 
being  proposed  by  a  letter  to  the  Secretary,  at  the  first  meeting  of  the  Council 
next  after  such  letter  shall  have  been  received. — 2.  Election:  At  the  next 
Monthly  Meeting  of  the  Council  the  election  will  take  place,  when  the 
decision  of  the  Council  will  be  taken  bv  a  show  of  hands;  the  mijority 
of  the  Members  present  to  elect  or  reject.  The  Secretaxy  will  inform 
Members  of  their  election  by  a  letter,  in  such  form  as  the  Council  may 
from  time  to  time  direct. — Candidates  residing  out  of  the  United  Kingdom 
can  only  be  elected  as  Life-Governors  or  Life-Members  of  the  Society,  and 
are  in  each  case  required  to  make  in  one  payment  on  election  a  compodtion 
in  lieu  of  annual  subscriptions. 
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GENERAL  MEETING, 

12,  Hanqveb  Squabb,  Saturday,  Dbo.  13,  1856^ 


REPORT  OF  THE  COUNCIL. 
The  Society  consists  at  the  present  time  of— 
85  Life  Grovernors, 
137  Annual  GoTernon, 
862  life  Members, 
3,917  Anoual  Members,  and 
19  Hunoiaiy  Members, 

making  a  total  of  5,020  Members,  or  an  incroase  of  41 
the  list  of  the  Society  since  the  last  Half-yearly  Meeting. 

The  Council  have  elected  the  Earl  of  Powis  and  Mr.  Edward 
Pope  to  supply  the  vacancies  respectively  occasioned  in  the 
Council  by  the  transfer  of  Mr,  Evelyn  Denison,  M.P.,  to  the 
class  of  Trustees,  and  the  lamented  decease  of  Mr.  Hampden 
Turner. 

The  Funded  Capital  of  the  Society  stands  at  the  same  amount 
as  reported  at  the  last  General  Meeting,  namely,  at  9,264/.  6s.  lid. 
in  the  New  Three  per  Cent  Consolidated  Stock. 

The  following  Prize-Schedule  for  the  Essays  and  Reports  of 
next  year,  to  be  sent  to  the  Secretary  by  the  Ist  of  March,  and  to 
be  subject  to  the  usual  conditions  of  competition,  has  been 
adopted : — 

1.  The  results  of  microsoopic  dbsarvatiim  applied  to  the  v^gs- 

table  physiology  of  agriculture    ..      * £60 

2.  The  Ix'st  mode  of  levelling  ridge  and  furrow  pastuie  land 

after  drainage        ..      ..      • «,      «.      ,.     20 

3.  The   permanent  amelioration  of  soils  by  admixture  with 

others 20 

4.  Destruction  of  vermin  infestinz  the  homestead  and  stackyard    10 

5.  The  com|)arative  advantages  of  entering  upon  farms  in  spring 

and  autumn^  together  with  instroctiona  to  the  yoong 

farmer  on  his  entry  at  either  8es8on 20 
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6.  The  results  of  drilling  wheat  or  harley  at  different  distances 

with  the  same  quantities  of  seed ;  and  also  with  varied 
quantities  of  seed  per  acre £10 

7.  On  the  early  or  late  sowing  of  root  crops       10 

8.  On  the  comparative  advantages  of  sowing  beans  in  spring 

and  autumn 10 

9.  Any  other  agricultural  subject        10 

Professor  Way,  the  Consulting  Chemist  to  the  Society^  has 
delivered  to  the  Members  a  second  time  his  lecture  on  the 
chemical  composition  of  the  waters  of  land-drainage,  Uxt  the 
purpose  of  detailing  the  further  progress  of  his  researches  on  that 
subject ;  and  the  Council  have  adopted  a  new  scale  of  charges  to 
be  made  to  those  Members  of  the  Society  who  may  avail  them- 
selves of  their  privilege  of  consulting  him,  or  obtaining  from  his 
laboratory  chemical  analyses,  at  reduced  rates.  Professor 
Simonds,  the  Veterinary  Inspector  of  the  Society,  has  delivered 
the  concluding  portion  of  his  lecture  on  destructive  parasites 
attacking  the  internal  organs  of  the  body  in  the  case  of  different 
domesticated  animals. 

The  Country  Meeting  at  Chelmsford  has  proved  eminently 
successful  in  carrying  out  the  objects  of  the  Society,  although 
the  expenses  incurred  have  entailed  a  heavy  charge  on  its  general 
funds.  The  interest  attached  to  the  exhibition  of  live  stock,  on 
that  occasion,  was  increased  by  the  great  number  of  horses  shown 
for  the  Local  Committee^s  Special  Prizes,  and  the  select  Speci- 
mens of  Foreign  Stock  sent  over  to  the  meeting  at  great  ex- 
pense by  the  French  Government,  as  a  token  of  friendly  regard 
towards  the  Society  and  its  national  objects.  The  implements 
gave  evidence  of  distinct  improvement  in  their  simplicity  and 
efficiency ;  and  the  trials  in  the  field,  as  well  as  the  public  work- 
ing of  machinery  in  the  show-yard,  were  witnessed  with  deep 
interest  by  a  numerous  concourse  of  spectators.  The  reaping- 
machines  and  steam-cultivators  were  reserved  for  subsequent 
trial ;  and  the  Council  have  voted  to  Mr.  Fisher  Hobbs  their  best 
acknowledgments  of  the  kind  manner  in  which  he  offered  his  land 
for  the  purposes  of  that  trial,  which  took  place  in  Aug^t  last ; 
for  the  liberality  with  which  he  placed  men  and  horses  at  the 
disposal  of  the  Stewards  and  Judges  for  working  the  machinery ; 
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and  for  the  facilities  he  so  readily  afforded  in  rendering  the  trial 
satisfactory  to  all  parties.  The  Judges  have  made  a  special 
report  to  the  Council  on  the  trials  made  by  them  of  the  steam- 
tillage  apparatus  respectively  exhibited  by  Mr.  Smith  and  Mr. 
Fowler,  in  competition  for  the  Society's  undivided  prize  of  500/. 
This  report  will  be  published  for  the  information  of  the  members 
in  the  ensuing  part  of  the  Journal ;  in  the  mean  time  it  is  satis- 
factory to  be  able  to  state,  that,  although  the  conditions  included 
in  the  terms  of  the  prize  have  not  been  fulfilled  by  either  of  these 
inventions,  Mr.  Fowler  has  made  considerable  improvement  in 
his  application  of  steam-power  to  the  operation  of  ploughing. 
The  Council,  in  carrying  out  the  arrangements  for  the  Chelms- 
ford Meeting,  received  the  cordial  and  efficient  co-operation 
of  the  Local  Committee  \  and  on  that  occasion,  as  on  many 
former  ones,  the  Society  were  under  essential  obligation  to  the 
different  Railway  Companies  of  the  kingdom  for  the  liberality 
of  their  concessions  to  the  exhibitors,  and  the  facilities  they 
afforded  in  the  transit  of  live-stock  and  implements  to  and  froln 
the  Meeting. 

The  Country  Meeting  of  next  year  will  be  held  in  the  week 
commencing  Monday,  the  20th  of  July ;  and  the  authorities  of 
Salisbury  have  already  placed  the  land  for  the  trial  of  implements 
under  a  due  course  of  preparation.  The  Council  have  decided 
upon  the  following  schedules  of  prizes  to  be  offered  by  the 
Society  for  implements  and  live-stock  at  that  meeting,  subject  to 
such  terms  and  conditions  of  competition  as  the  Council  at  their 
February  Meeting  may  think  it  necessary  to  adopt. 

1.  ImipUvMuU. 

Class  of  drills         £80 

manure-distributors  (liquid  or  other) 20 

horse-hoes         ..      ..  10 

hay  machines ..  10 

reaping  machines      20 

mowing  machines 20 

horse-iukes       10 

carts 10 

waggons 10 

carts  of  special  construction,  with  specifications  ..  15 

Steam  cultivator •      ..  •  ..      ..  500 

£655 


xz  B^ort  to  thg  Cfeneral  Mseinig. 

S.  Lum  Stock. 

Short-homed  cattle      £170 

Hereford  cattle     170 

Devon  cattle         170 

Channel  IslandB*  cattle        30 

Cattle  of  other  established  breeds       45 

Agricultural  horses      130 

Dniy-horses 40 

Thoroughbred,  hunting,  and  hacfeney  hones 106 

Leicester  sheep      110 

Long- woolled  sheep  (not  Leicesters) 110 

fiouthdown  sheep         110 

Short- woolled  sheep  (not  Southdowns)     110 

Pigs       80 

Faim  poultry       120 

£ieoo 

The  Coancil  continue  to  be  favoured  hy  the  Elarl  of  ClarendoD 
with  successive  reports  received  at  the  Foreign  Office  from  yariovi 
countries  abroad,  in  reference  to  the  discovery  of  manuring  sub- 
stances in  different  parts  of  the  world^  and  to  the  occnnAKe  of 
epidemics  of  an  infectious  character  among  catde. 

The  vigorous  prosecution  of  agricultural  leaearch  in  eveiy 
department  of  husbandry,  and  the  more  definite  application  of 
scientific  reasoning  to  the  elucidation  of  every  branch  of  practical 
detail,  as  well  as  to  the  gradual  establishment  of  general  prin- 
ciples, are  circumstances  which  constitute  at  the  present  day  a 
•till  greater  necessity  for  that  division  of  labour  on  the  one  hand 
which  the  local  societies  throughout  the  kingdom  are  so  com- 
petent to  execute,  and  that  unity  of  action  on  the  other  whidi 
can  only  be  given  by  a  great  central  body  like  the  Boyal  Agri- 
cultural Society  of  England,  which  is  at  once  the  representatife 
of  the  individual  interests  of  the  farming  community,  and  the 
ready  means  by  which  their  united  energies  may  be  most  effec- 
tively brought  into  action  for  the  purpose  of  gaining  any  given 
practical  object.  The  increase  of  its  members,  and  the  estima^ 
tion  in  which  its  labours  are  held,  afford  strong  grounds  for 
the  belief  that  its  usefulness  will  continue  unimpaired,  and 
its  advantages  become  more  widely  distributed  by  a  still  further 
co-operation  of  the  farmers  of  the  country  in  the  promotion  of  its 

national  objects.        t»         ,  .^  i 

By  order  of  the  Council, 

JAMES  HUDSON,  Secretary. 
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SHOW  AT  CHELMSFORD:  JULY,  1856. 


STEWARDS  OF  THE  YARD. 


Stewards  of  Cattle, 
Fbancis  Woodward, 
Sib  Stafford  Northcote,  Bt.,  M.P. 
Samuel  Jonas. 


Stewaxdf  of  Imi^lementi. 
"William  Geobgk  Cavendish, 

ChaNDOS  WBBlf  HOSKTNS. 

Sib  Abghibald  Macdonald,6t. 


Steward  of  Farm-Poultry. 
Joseph  Cooke,  Mayor  of  Colchester. 

Honorary  Director  of  the  Show. 
B;  T.  Brandbeth  Gibbs. 


Short-Eonu. 
John  Grey, 
Thomas  Parkinson, 
Robert  Smith. 


JUDGES. 

LongL-woolled  Sheep  (not  Leioeiten). 
Robebt  Boughen  Aylmbb, 
Edwabd  Lane  Fbanklin, 
Nath.  Chahbeblain  Stone. 


EerefordB,  Beyoni,  and  Other  Breedi. 

Samuel  Bloxsidge, 
AVilliam  Tindall, 
John  Williams. 

Horses. 
William  Greaves, 
John  Warsop. 

Patrick  Graham  Barns, 
William  Charles  Spooner. 

Leicester  Sheep. 

William  Hesseltdje, 
Robert  Smith, 
William  Torr. 

Southdown  (or  other  Short-wooUed) 
Sheep. 

George  Brown, 
Henry  Chamberlain, 
Peter  Purves. 


Wgs. 
Arnold  Denhan, 
Chables  Randall, 
Thomas  Tbotteb. 

Foreign  Cattle. 
EuGiNE  Gabeait  (France), 
Db  Villebs  de  Pit^  (Nether- 
lands), 
Db  Ginoinb  d'Eclepen  (Swil- 
zerland). 

FarauPonltry. 
Geobge  James  Andbbws, 
John  Baily. 

Implements. 
Henby  Bbbney  Caldwell, 
John  Clabke, 
Willlam  Chalcbaft, 
John  Vibet  Gooch^ 
Thomas  Hawkins, 
Thomas  Huskinson, 
Jambs  Hall  Naldeb, 
Clabe  Sewell  Read, 
John  Jephson  Rowley, 


Veterinary-Inspector. 
Pbofessor  Simonds, 

Royal  Veterinary  College. 


Coaittlting-Kiigineer. 
Chables  Edwabda  Akos 

(Finn  of  Eabiom  and  Alios). 
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AWAED   OF   PEIZES. 

Cattle:  Sltort-homs. 

LxEXTTSNANT-CoLONEL  Ghables  Towkkley,  of  Townclej  Fftrky  Lancaddn: 
the  Prize  of  Thirty  Sovebeiqnb,  for  hiB  2  years  and  11  moDth»K>ld 
Roan  Short-homed  Bull "  Master  Butterfly  f  bred  by  hiniBelf. 

Hekby  Ahbleb,  of  Watkinson  Uall,  Halifax,  Yorkshire,  the  Prize  of  Fifteik 
Sovereigns,  for  his  3  years  and  6  months-old  Roan  Short-homed  Boll 
*'  Grand  Turk ;"  bred  by  S.  E.  Bolden,  of  Springfield  Hall,  Lancaster. 

Fbancis  H awkeswobth  Fa wkbs,  of  Famley  Hall,  Otloy,  Yorki^ire :  the  Prise 
of  Twenty-five  Sovebeiqns,  for  his  1  year  3  months  and  16  daya- 
old  Roan  Short-homed  Bull  "  General  Bosquet ;"  bred  by  himself. 

Mabk  Barboby,  of  DisUforth,  Thirsk,  Yorkshire,  the  Prize  of  Firaxs 
Sovebeigns,  for  his  1  year  10  months  and  2  weeks-old  White  Short- 
horned  liuU  "  Mark  Anthony ;"  bred  by  himself. 

Henby  Ambleb,  of  Watkinson  Hall :  the  Prize  of  Fms  Sotebbigks  for  his 
10  months-old  Roan  Short-homed  Bull-calf  "  Napoleon  f  bred  by  Walter 
Stead,  of  Leeds. 

Lieutenant-Colonel  Ghables  Towneley,  of  Towneley  Park :  the  Prize  of 
Twenty  Soyebeigns,  for  his  3  years  and  9  mouths-old  Roan  Short- 
homed  Cow  "Duchess  2nd,"  In-milk  and  In-calf;  bred  by  himself. 

Lieutenant-Colonel  Chables  Towneley,  of  Towneley  Park ;  the  Prize  of 
Ten  Sovebeigns,  for  his  3  years  and  10  month»-old  Red-and-White 
Short-homed  Cow  "Blanche  6th,"  In-milk  and  In-calf;  bred  by  him- 
self. 

Libutenant-Coia)N£L  Ghables  Towneley,  of  Towneley  Park :  the  Prize  of 
Fifteen  Sovebeignb,  for  his  2  years  and  8  montns-old  Roen  Shoit- 
homed  Heifer  "Victoria,"  In-calf;  bred  by  himself. 

RiCHABD  Stbatton,  of  Broad-Hinton,  Wiltshire :  the  Prize  of  Ten  Sovs- 
BEiGNS,  for  his  2  years  5  months  and  3  weeks-old  Roan  Short-homed 
Heifer  "Marcia  3rd,"  In-calf;  bred  by  himself. 

RicHABD  Booth,  of  Warlaby,  Northallerton,  Yorkshire :  the  Prize  of  Tbk 
Sovebeignb,  for  his  1  year  and  8  months-old  Roan  Short-homed  Heifer 
"  Queen  of  the  May  ;"  bred  by  himself. 

Chables  Pascoe  G  ben  fell,  of  Taplow  Court,  near  Maidenhead :  the  Prize  of 
Five  Sovebeignb,  for  his  1  year  and  5  months-old  Rcd-and-White 
Short-horned  Heifer  "  Bettine ;"  bred  by  himself. 

Cattle:  Herefords, 

LoBD  Bebwick,  of  Cronkhill,  Salop :   the  Prize  of  Thirty  Soversiosb,  for 

his  3  years  5  months  and  2  days-old  Red  (white-faced)  Hereford  Bull 

"  Najwleon  3rd ;"  bred  by  himself. 
Edward  I^ice,  of  Court  House,   Pembridge,  Herefordshire :  the  Prise  of 

Fifteen  Sovereigns,  for  his  3  years  and  11  months-old  Red  (white-faced) 

Hereford  Bull   "Goldfinder;"  bred  by  John  Perry,  of  Mudi-Oowan, 

Bromyard. 
William  Racsteb,  of  Thinghill,  Herefordshire  :  the  Prize  of  Twkhty-fivk 

Sovebeignb,    for  his  1  year  and  9  months-old    Red  Hereford    Bull 

"  David  Favourite  Chance  ;"  bred  by  himself. 
Edwabd  Williams,  of  Llowes  Court,  Radnorshire :  the  Prise  of  Fiftbek 

SovjtfBBiGNB,  for  his  1  year  and  9  months-old  Dark-brown  (white-fiiced) 

Hereford  Bull  "  Radnor ;"  bred  by  himself. 
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William  Perby,  of  Cholstrey,  Horefordshire  :  the  Prize  of  Fivb  Sovebbigns, 
for  his  10  inoQths  and  3  days-old  Dark-red  (white-faced)  Hereford  BuU- 
Calf  «  Cholstrey  Boy ;"  bred  by  himself. 

William  Perry,  of  Cholstrey,  Herefordshire :  the  Prize  of  Twenty  Sove- 
BEiai^s,  for  his  3  years  8  months  and  18  days-old  Dark-red  (white- 
faced)  Hereford  Cow  **  Carlisle  Beauty,"  In-milk  and  In-calf ;  bred  by 
himself. 

Philip  Turner,  of  The  Leen,  Herefordshire :  the  Prize  of  Ten  Sovebeignb, 
for  his  4  years  9  months  and  2  days-old  Bed  (white-faced)  Hereford 
Cow  "  Novice,"  In-milk  and  In-calf ;  bred  by  himself. 

Lord  Berwick,  of  Cronkhill:  the  Prize  of  Feptebn^veeeions,  for  his 
2  years  4  months  and  3  days-old  Bed  (white-faced)  Herefoi^  Heifer 
"Carlisle,"  In-calf;  bred  by  himself. 

William  Racster,  of  Thinghill :  the  Prize  of  Ten  Soybbeionb  for  his  2  years 

7  months  and  6  days-old  Red  Heo^ord  Heifer  "  David  Thinghill  Pigeon," 
In-milk  ;  bred  by  himself. 

William  Racster,  of  Thinghill,  the  Prize  of  Ten  Sovebeigkb,  for  his  1  year 

8  months  and  6  days  old  Bed  Hereford  Heifer  "  Young  Sir  David  Thing- 
hill ;"  bred  by  himself. 

Walter  Maybeby,  of  Brecon :  the  Prize  of  Five  Sovebeignb,  for  bis  1 
year  and  11  months-old  Brown  (white-faced)  Hereford  Heifer  "  Fatima ;" 
bred  by  himself. 

Cattle:  Deixms. 
John  Quabtly,  of  Champson-Molland,  Devonshire :  the  Prize  of  Thibty 

Sovereigns,  for  his  3  years  and  4  mcmths-old  Bed  Devon  BuU  ''  Sultan ;" 

bred  by  himself. 
William  M.  Gibes,  of  Bishop's-Lydeard,  Somersetshire :  the  Prize  of  Fif- 
teen Sovebeignb,   for  his  2  years  and  6  months-old  Bed  Devon  Bull 

(without  name) ;  bred  by  himself. 
EDls  Koyal  Highness  Pbince  Albert,  of  Windsor,  Berkshire :  the  Prize  of 

Twenty-five  Sovereigns,  for  his  1  year  and  9  months-old  Red  Devon 

Bull  "  Zouave ;"  bred  by  George  Turner,  of  Barton,  near  Exeter. 
John  C.  Halse,  of  Molland,  Devonshire  :  the  Prize  of  Fifteen  Sovebeignb, 

for  his  1  year  4  months  and  3  weeks-old  Bed  Devon  Bull  **  Earl  of  Essex  ;'* 

bred  by  himself. 
George  Turner,  of  Barton,  near  Exeter :  the  Prize  of  Five  Sovebeiqns,  for 

his  6  months  2  weeks  and  3  days-old  Bed  Devon  Buli-Calf  •*Boiquet;" 

bred  by  himself. 
James  Quabtly,  of  Molland  House,  Devonshire:  the  Prize  of  Twenty 

Sovebeignb,  for  his  3  years  and  6  months-old  Bed  Devon  Cow  •*  Stately ;" 

In-milk  and  In-calf;  bred  by  himself. 
Walter  Farthing,  of  Stowey  Court,  Somersetshire :  the  Prize  of  Ten 

Sovebeignb,  for  his  3  years  and  6  months^ld  Bed  Devon  Cow  "  Fancy ;" 

In-milk  and  In-calf ;  bred  by  himself. 
James  Quabtly,  of  Molland  House :  the  Prize  of  Fiptbbn  Sovxbeionb, 

for  his  2  years  and  6  months-old  Red  Devon  Heifer  '*  NonpareH,"  In- 
calf  ;  bred  by  himself. 
His  Eoyal  Highness  Pbince  Albebt,  of  Windsor,  Berkshire :  the  Prize  of 

Ten  Soyebeigns,  for  his  2  years  and  7  months-old  Bed  Devon  Heifer 

"  Lubelia,"  In-calf;  bred  by  George  Turner,  of  Barton,  near  Exeter. 
Edward  Pope,  of  Great-Toller,  Dorsetshire  :  the  .Prize  of  Ito  Soybbeignb, 

for  his  1  year  and  7  montluhold  Red  Devon  Heifer  **  Fancy ;"  bred  by 

himself. 
James  Hoijb,  of  Knowle  House,  Somenetshire :  the  Prize  of  Fm  Soysbkions, 

for  his  1  vear  and  5  months-old  Bed  Devon  Heifer  (without  name) ;  bred 

by  himself. 
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Cattle  :  Other  Breeds, 
Lord  Sondes,  of  Elmham  Hall,  Norfolk :  the  Prize  of  Twramr  SovEREiais, 

for  his  2  years  and  9  months-old  Bed  Suffolk  Bull  ''Red  Jacket ;"  Ind 

by  G.  D.  liadham,  of  Ipswich. 
James  Singer  Turner,  of  Chyngton  Farm,  Seaford,  Sussex :  the  Prize  of  Tm 

Sovereigns,    for   his   3  years  and  3    months-old  Bed  Sussex  BoU 

"  Chyngton  ;"  bred  by  himself. 
G.  D.  Badham,  of  the  Simrrow's  Nest,  Ipswich :  the  Prize  of  Tes  Sovi- 

REIGNS,  for  his  1  year  and  9  months-old  Blood-red  Suffolk  Bull  (witfaont 

name) ;  bred  by  himself. 
James  Gorringe,  of%Tilton-Selmcston,  Lewes:  the  Prize  of  Teh  SovEBEiCDn, 

for  his  5  years  and  7  months-old  Bed  Sussex  Cow  *'  Eva,"  In-milk  sod 

In-calf;  bred  by  himself. 
Thomas  Moore  Hudson,  of  Castlcacre,  near  Swaffham,  Norfolk:  the  Prize  of 

Five  Sovereigns,  for  his  5  years  and  10  months-old  Bed  Suffolk  Cow 

"  Gay  Lass  ;'*  bred  by  the  late  Sir  Edward  Kerrison,  Bart.,  of  OaUflj 

Park,  near  Eye. 
Lord  Sondes,  of  Elmham  Hall :  the  Prize  of  Ten  Sovebeiomb,  for  his  2  yetn 

and  8  months-old  Red  Suffolk  Heifer  "  Minna,"  In-calf;  bred  by  himaelt 
G.  D.  Baduam,  of  the  Sparrow's  Nest :  tlie  Prize  of  Five  Sovebbions,  for  his 

1  year  and  G  months-old  Blood-red  Suffolk  Heifer  (^vithout  name);  bred 

by  himself. 

Foreign  Cattle. 
CouTE  DE  BouiLL^,  au  Ch&teau  de  Villars,  par  Magny-CouTs,  IMpartement 

de  la  Nievre,  France :  the  Prize  of  Thirty  Sovereigns,  for  his  ^  months- 
old  White  Charolais  Bull  "  Tracthir ;"  bred  by  himself. 
M.  CuERADAME,  Propri^tairo  a  Ecouchi,  D^partement  de  POrae :  the  Prin  of 

Twenty-five  Sovereigns,  for  his  39  months-old  ••  Payne's-grev  "  Nor* 

man  Bull ;  bre<l  by  M.  Leboucher,  of  Vrigny,  in  the  Department  of  the  Oine. 
M.  Eis.  Allier,  Directeur-Fondateur  de  la  Colonic  do  Petit-Bour^^y  en  France : 

the  Prize  of  Twenty  Sovereigns,  for  his  0  years-old  bla^-and-white 

Brittany  Bull  "  Tom  Puce ;"  bred  by  himself. 
M.  Eluard,  l^pri^taire  a  Vert-St.-Denis,  D^partement  de  la' Seine  et  Mane : 

the  Prize  of  Fifteen  Sovereigns,  for  his  26  months-old  trout-speckled 

Kormnn  Bull ;  bred  by  M.  Surcin,  a  Nogent-lc-Botrou,  D^partement  de 

I'Eure  et  Ix)ire. 
M.  Phiuppe,  l^pridtaire  a  Grisoller,  D6partcment  de  PAin :  the  Priae  of 

Ten  Sovereigns,  lor  his  30  months-old  dapple-white  Norman  BnU; 

bred  by  M.  Sanaux,  a  Neufchatel  en  Saonnais. 
CoMTK  de  Bouillb,  au  Chateau  de  Villars :  the  Prize  of  Twbktt  Sovb- 

reigns,  for  his  38  months-old  White  In-calf  Charolaise  Cow  •*  Fadette  f 

bred  by  himself. 
M.  Eluard,  Propri^taire  a  Vert-St.-Denis :  the  Prize  of  Fifteen  Sovebeiovb, 

for  his  48  months-old  trout-speckled  Norman  Cow ;  bred  by  M.  Noel 

j^lorin,  a  Coha<mc,  pres  Yillers-Bocage,  D^partement  du  Calvados, 
M.  Ills.  Allier,  Directeur-Fondateur  de  la  Colonic  Agricole  de  Petit-Bonrg: 

the  Prize  of  Ten  Sovereigns,  for  his  26  mouths  and  22  days-old  black- 
and-white  Brittany  Cow  **  Rosa  Bonheur ;"  bred  by  himself. 
M.  DuTRoNE,  Conseiller-Honoraire,  a  Trousseauville,  D^partement  du  Oil- 

vados ;  tlic  Prize  of  Five  Sovereigns,  for  his  Polled  Norman  Cow ;  bied 

by  himself. 
{This  prize  was  not  received  at  the  Cbolmsford  Meeting  by  VL  Datrtoe,  irbo  deitred  thftt  it 
might  be  renerved  for  his  dispotuU  until  ciTtoin  urranfccnieiits  whidi  be  had  tben  in  oooton- 
plaiiun,  M-ith  reference  to  polled  cattle  generally,  »huuld  be  coropleted. 


There  was  no  competition  for  the  fixth  prize  of  5(.  for  Foreifoi  BoUa ;  nor  for  the  DriaH  alio 
*?§ocic '     •        •         • 


offered  by  the  Society  for  Foreign  Sheep,  amounting  to  1 15/. 
addition  to  the  money-prize,  a  Silver  Medal  wan  presentf  ^  ^-' 
ccasfiil  foreign  candidates  at  the  Clielmsfoxd  Meeting.] 


In  addition  tu  the  money-prize,  a  Silver  Medal  wan  presented  by  the  Sodety  to  cacfti  of  the  ne* 
-  •  -     •   icandldaU         -     ~         
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His  Royal  Highness  Prince  Albert,  of  Windsor,  Berkshire :  the  Prize  of 
Thirty  Sovereigns,  for  his  5  years-old  Brown  Clydesdale  Stallion 
"  Britain,"  for  agricultural  purposes ;  bred  by  Robert  Findlay,  of  Easter- 
hill,  near  Glasgow. 

Manfred  Biddell,  of  Playford,  Ipswich :  the  Prize  of  Twenty  Sovereigns, 
for  his  4-years  old  Chesnut  Suffolk  Stallion  **  Major,"  for  agricultural 
purposes ;  bred  by  himself. 

G.  M.  Sexton,  of  Karl's  Hall,  near  Sudbury,  Suffolk :  the  Prize  of  Twenty 
Sovereigns,  for  his  2  years-old  Chesnut  Suffolk  Stallion  **  Boxer," 
for  agricultural  purposes ;  bred  by  James  Josselyn,  of  Copdock,  near 
Ipswich, 

G.  D.  Badham,  of  the  Sparrow's  Nest :  the  Prize  of  Ten  Sovereigns,  for 
his  2  years  and  3  months-old  Chesnut  Suffolk  Stallion  "  Napoleon,"  for 
agricultural  purposes ;  bred  by  himself. 

Samuel  Clayden,  of  Little  Linton,  Cambridgeshire :  the  Prize  of  Fifteen 
Sovereigns,  for  his  1  year-old  Chesnut  Suffolk  Stallion  (without  name) 
for  agricultural  purposes ;  bred  by  himself. 

George  Carter,  of  Danbury,  Essex :  the  Prize  of  Twenty  Sovereigns,  for 
his  4  years-old  Bright-chesnut  Suffolk  Mare  "  Primrose "  and  her  Foal, 
for  agricultural  purposes ;  bred  by  J.  Blanchflower,  of  Mayland,  Essex. 

NATHANiEii  George  Barthropp,  of  Cretingham  Rookery,  Woodbridge,  Suffolk: 
the  Prize  of  Ten  Sovereigns,  for  his  15  years-old  Chesnut  Suffolk  Mare 
"Darby  of  Exeter"  and  her  Foal,  for  agricultural  purposes;  bred  by 
himself. 

Samuel  Wrinch,  of  Great  Holland,  Essex :  the  Prize  of  Fifteen  Sove- 
reigns, for  his  2  years-old  Chesnut  Suffolk  Filly  (without  name)  for 
agricultural  purposes  ;  bred  by  himself. 

Samuel  Clayden,  of  Little  Linton :  the  Prize  of  Ten  Soverbions,  for  his 
2  years-old  Chesnut  Suffolk  Filly  (without  name)  for  agricultural  pur- 
poses ;  bred  by  himself. 

William  Baker  and  Son,  of  Bury  Farm,  Stapleford,  Cambridgeshire :  the 
Prize  of  Twenty  Sovereigns,  for  their  3  years  and  3  months-old  Iron- 
grey  Dray  Stallion  "  Young  Inkermann  ;"  bred  by  Peter  Grain,  jun.,  of 
Shelford,  Cambridgeshire. 

Charles  Timm,  M.D.,  of  Scrooby  House,  near  Bawtry :  the  Prize  of  Fifteen 
Sovereigns,  for  his  2  years  and  22  days-old  Roan  Dray  Stallion  "  Great 
Northern  ;**  bred  by  himself. 

[There  was  no  competition  for  the  Prizes  of  Tin  and  FrvB  Sovsbkiokb  lespecttvely  offered  for 
Mares  with  their  Foals,  and  for  Fillies.] 

Sheep:  Leioesters. 

Thomas  Edward  Pawlett,  of  Beeston,  Bedfordshire :  the  Prize  of  Twenty- 
Five  Sovereigns,  for  his  16  months-old  Shearling  Ram;  bred  by 
himself. 

Thomas  Edward  Pawlett,  of  Beeston :  the  Prize  of  Fifteen  Sovebeigns, 
for  his  16  months-old  Shearling  Ram ;  bred  by  himself. 

Thomas  Edward  Pawlett,  of  Beeston :  the  Prize  of  Twentt-Fivb  Sove- 
RKiGNS,  for  his  40  mOnths-old  Ram ;  bred  by  himself. 

Robert  Ward  Cresswell,  of  Ravenstone,  Leicestershire :  the  Prize  of  Fif- 
teen Sovereigns,  for  his  28  months-old  Ram ;  bred  by  himself. 

John  (jregory  Watkins,  of  Woodfield,  Worcestershire :  the  Prize  of  Twenty 
Sovereigns,  for  his  Pen  of  five  16  months-old  Shearling  Ewes  ;  bred  by 
himself. 

George  Turner,  of  Barton,  near  Exeter:  the  Prize  of  Ten  Sovebeigns, 
for  his  Pen  of  five  16  months-old  Shearling  Ewes ;  bred  by  himself. 
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Sheep:  Smtthdowns. 

Hbsbt  Ovxbman,  of  Weasenham,  Norfolk:   the  Prise  of  Twxbtt-Fitk 

SovEBEiGKB,  for  hls  16  months-old  Shearling  Ram;  bred  by  bimaalf. 
Jonas  Whbb,  of  Babraham,  Cambridgeshire :  the  Prize  of  Fiftikh  Sgte- 

BEiGNS,  for  his  16  months-old  Shearling  Bam ;  bred  by  bimaelf. 
LoBO  Walsisgham,  of  Merton  Hall,  Norfolk :  the  Prize  of  TwssTT-Fni 

SovEREiGKS,  for  his  27^  months^old  Ham  "  Merton  ;**  bred  by  bimaelf. 
Lord  Walsinoham,  of  Merton  Hall :  the  Prize  of  Fittxxh  SovxBSiaKfl^  for 

his  27i  months-old  Ram  *'  Raglan ;"  bred  by  himself. 
Lord  Wai^ngham,  of  Merton  Hall :  the  Prize  of  Twxhtt  Sotkbhsss, 

for  his  Pen  of  five  15^  months-old  Shearling  Ewes ;  bred  by  bimaelf. 
Lord  Walsingham,  of  Merton  Hall :  the  Prize  of  Ten  SovBBEiQBa^  for  Mb 

Pen  of  five  15^  months  old  Shearling  Ewes ;  bred  by  bimselfl 

Sheep  :  Long-voools  (not  Lskestm). 

James  Walker,  of  Northleach,  Gloucestershire :  the  Prize  of  Twxhtt-IVvx 

Sovereigns,  for  his  16  months-old  Shearling  Long-wooUed  Bam ;  bred 

by  himself. 
Thomas  Beale  Browne,  of  ELampen,  Andoversford,  Glouoesterahire :  tbe 

Prize  of  Fifteen  Sovereigns,  for  his  15^  months-old  Sheailing  Go^ 

wold  Ram ;  bred  by  himself. 
William  Lane,  of  Broadfield  Farm,  Northleach,  Glonoestershire :  tbe  P^ 

of  Twenty-Five  Sovereigns,  for  his  28  months-old  Gotawold  Bam ; 

bred  by  himself. 
WiLUAM  Garne,  jun.,  of  Eillkcnuy  Farm,  Fairford,  Gloucestershire ;  the  Prize 

of  Fifteen  Sovereigns,  for  his  39  months-old  Cotswold  Bam ;  bted  hj 

himself. 
William  Lane,  of  Broadfield  Farm :  the  Prize  of  Twenty  SoviBBioin,  for 

his  Pen  of  five  IG  months-old  Shearling  Cotswold  Ewea;  bred  1^ 

himself. 
William  Lane,  of  Broadfield  Farm :  the  Prize  of  Ten  Soverexons,  for  bii 

Pen  of  five  16  months-old  Shearling  Cotswold  Ewes :  bred  by  >>im««lf 

Pigs. 

The  Rev.  Charles  Thomas  James^  of  Ermington,  Ivybrldge,  Devouihire :  the 
Prize  of  Ten  Sovereigns,  for  his  2  years  and  7  montha-old  Berkshire 
Boar  "  Gipsy  Boy ;"  black  with  white  spots,  of  the  large  breed;  bred  by 
J.  William  Hewer,  of  Sevenhampton. 

John  Harrison,  jun.,  of  Heaton-Norris,  Stockport,  Lancashire:  the  Prize  of 
Five  Sovereigns,  for  his  2  years  3  months  and  3  weeks-old  White 
Boar  "  Young  Albert,"  of  the  lar^e  breed ;  bred  by  J.  Cooper^  of  Whaley. 

Thomas  Crisp,  of  Chillesford  Lodge,  Sufifolk  :  the  Prize  of  Ten  SovxBXiaNS, 
for  his  1  year  and  1  month-old  Black  Boar  (without  name),  oftheamall 
breed ;  bred  by  himself. 

Richard  England,  of  Arthington,  Otley,  Yorkshire :  the  Prize  of  Five  * 
Sovereigns,  for  his  1  year  4  months  and  2  weeks-old  White  Boar 
"  Wharfdale  Prince,'*  of  the  small  breed ;  bred  by  himself. 

W.  B.  Wainman,  of  Carhead,  Cross  Hills,  Yorkshire :  the  Prize  of  Ten  Soys- 
reigns,  for  his  3  years  4  months  and  1  week-old  White  Breeding  Sow 
'    (without  name),  of  the  "Improved  Yorkshire"  large  breed;  bred  by 
himself. 

Henry  Scott  Hayward,  of  Folkington,  Willingdon,  Sussex :  the  Priie  of 
Ten  Sovereigns,  for  his  1  year-old  White  Breedmg-Sow  "  PolyajithTia»*' 
of  the  Sussex  small  breed ;  bred  by  himself* 
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The  Rev.  Chables  Thomas  Jambs,  of  Ennington :  the  Prize  of  Tkk  Sove- 
BEiGKs,  for  his  Pen  of  three  6  months  and  27  days-old  Breeding  Sow- 
pigs,  of  the  "Improved  Berkshire"  large  hteed,  black  with  white 
spots ;  bred  by  himself. 

R.  H.  Watson,  of  Bolton  Park,  Wigton,  Cumberland :  the  Prize  of  Ten 
Sovereigns,  for  his  Pen  of  three  7  months  and  3  weeks-old  White 
Breeding  Sow-pigs  "  Friendship,"  "  Love,"  and  "T^nth,"  of  the  small 
breed ;  bred  by  himself. 

Farm  Poultry  :  Dorkings, 

Captain  Hornby,  R.N.,  of  Knowsley  Cottage,  Presoot :  the  Prize  of  FrvB 

Sovebeionb,  for  his  5  months  and  3  weeks-old  Grey  Dorking  Chickens  of 

1856  ;  bred  by  himself. 
The  Rev.  Thomas  Lyon  Fellowes,  of  Beighton  Rectory,  Norfolk :  the  Prize 

of  Three  Sovereigns,  for  his  5  months  and  3  weeks  old  Grey  Dorking 

Chickens  of  185G  ;  bred  by  James  Lewry,  of  Handcross. 
George  Godfrey,  of  Aylesbury:  the  Prize  of  Two  Sovereigns,  for  his 

4  months-old  Grey  Dorking  Pullets  and  5  months-old  Grey  Dorking 

Cock  ;  bred  by  Mrs.  Seamons,  of  Hartwell. 
James  Frost,  of  Parham,  Suffolk :  the  Prize  of  One  Sovereign,  for  his 

Coloured  Dorking  Chickens  of  1856 ;  bred  by  himself. 
Captain   Hornby,  R.N.,  of  Knowsley  Cottage :  the  Prize  of  Five  Sovr- 

REiGNS,  for  his  (about)  2  years-old  Grey  Dorking  Fowls ;  bred  by  himself, 
G.  BoTHAM,  of  Wexliam  Court,  Bucks  :  the  Prize  of  Three  Sovereigns,  for 

his  2  years-old  Rose-combed  Dorking  Fowls ;  breeder  unknown. 
William  Tod,  of  Elphinstone  Tower,  Haddingtonshire :  the  Prize  of  Two 

Sovereigns,  for  his  1  year  and  5  months-old  Grey  Dorking  Fowls ;  bred 

by  himself. 
The  Rev.  Morton  Shaw,  of  Rougham  Rectory,  Bury-St.-Edmund's :  the 

Prize  of  One  Sovereign,  for  his  Single-combed  Grey  Dorking  Fowls ; 

the  Cock  1  year  1  month  and  2  weeks  old,  and  bred  by  J.  Ullock  of 

Quarry  Lowe ;  the  hens  1  year  2  months  and  3  weeks  old,  and  bred  by 

the  exhibitor. 
Edward  AKROYD,*of  Denton  Park,  Otley,  Yorkshire:  the  Prize  of  Two 

Sovereigns,  for  his  (about)  2  years  and  3  mouths-old  Silver,  or  Grey, 

Dorking  Cock  ;  breeder  unknown. 
William  Fisher  Hobbs,  Box  ted  Lodge,  Colchester :  the  Prize  of  One  Sove- 
reign, for  his  (more  than)  1  year-old  Dorking  Cock ;  bred  by  himself. 

Farm  Poultry  :  Spanish  Fotds, 

Captain  Hornby,  R.N.,  of  Knowsley  Cottage :  the  Prize  of  FrvB  Sove- 
reigns, for  his  (about)  2  years-old  Black  Spanish  Fowls;  breeder 
unknown. 

The  Rev.  Morton  Shaw,  of  Rougham  Rectory :  the  Prize  of  Thrsx  Sove- 
reigns, for  his  1  year  and  2  months-old  Spanish  Fowls ;  bred  by  himself. 

John  Buncombe,  of  Wellington,  Somersetshire:  the  Prize  of  Two  Sove- 
reigns, for  his  1  year  and  2  weeks-old  Black  White-faced  Spanish  Fowls ; 
bred  by  W.  W.  Brundritt,  of  Runcorn. 

TnoMAs  Stubbings,  of  Broomfield,  Chehnsford :  the  Prize  of  One  Sovsrkion. 
for  his  Spanish  Fowls ;  the  age  of  the  Cock  and  one  Hen  1  year  and 
2  weeks,  that  of  the  other  Hen  2  years  and  2  months ;  bred  by  himself. 

The  Rev.  Morton  Shaw,  of  Rougham  Rectory :  the  Prize  of  Two  Sove- 
reigns, for  his  1  year  and  2  months-old  Spanish  Cock;  bred  by 
himself. 
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Farm  Poultry:  Cockin-Chdna  Fowls. 

Mrs.  Parker,  of  Coatslaith,  Brampton^  Onmberland :  the  Prize  of  Focb 
Sovereigns,  for  her  4  months-old  Buff  Gochin-China  Chickens  of  1856; 
bred  by  herself. 

The  Rev.  Grenville  Frodsham  Hodson,  of  North  Petherton,  Somersetshire: 
the  Prize  of  Two  Sovereigns,  for  his  4  months-old  Partridge  Ck)chm- 
China  Chickens  of  1856 ;  bred  by  himself. 

Charles  Punchard,  of  Blunt's  Hall,  Suffolk :  the  Prize  of  Pour  Sove- 
reigns, for  his  (more  than)  1  year-old  Buff  and  Cinnamon  Cochin-China 
Fowls ;  breeder  unknown. 

The  Rev.  Grenville  Frodsham  Hodson,  of  North  Petherton :  the  Priie  of 
Two  Sovereigns,  for  his  (about)  2  years-old  Partridge  Cochin-China 
Fowls ;  the  breeder  of  the  Cock  unknown ;  the  Hens  bred  by  G.  Philip 
Paige.  ' 

Thomas  Hincks,  of  Pennfield,  Wolverhampton :  the  Prize  of  Two  Sove- 
reigns, for  his  2  years-old  Buflf  Cochin-China  Cock ;  breeder  unknown. 

Farm  Poultry  :  Brahma'Pootras. 

Richard  Postans,  of  Shelly,  Suffolk:  the  Prize  of  Two  Soyebkiokb,  for 
his  13  months-old  light-coloured  Brahma-Pootra  Fowls ;  bred  by  himself. 

Farm  Poultry  :  Game  Fowls. 

Captain  Hornby,  R.N.,  of  Knowsley  Cottage :  the  Prize  of  Ptvk  Sove- 
reigns, for  his  (about)  2  years-old  Red  Game  Fowls ;  bred  by  himself. 

Edward  Glover,  of  Olton  Green,  Warwickshire :  the  Prize  of  Three  Sove- 
reigns, for  bis  2  years  and  1  month-old  Black-breasted  Red  Game  Fowls ; 
bred  by  himself. 

G.  C.  Adkins,  of  West  House,  Birmingham :  the  Prize  of  Two  Soverbiokb, 
for  his  (about)  2  years-old  Red  Game  Fowls  ;  breeder  unknown. 

Henry  Thurnall,  of  Royston,  Cambridgeshire :  the  Prize  of  One  Sove- 
reign, for  })is  2  years  2  months  and  3  weeks-old  Birchen-yellow  GhuDoe 
Fowls ;  bred  by  himself. 

N.  N,  Dyer,  of  Manor  House,  Bredon,  Tewkesbury :  the  Prize  of  Two  Sove- 
reigns, for  his  1  year  and  1  month-old  Black-breast^  Red  Game  Cock ; 
bred  by  himself. 

Farm  Poultry  :  Hamburg  Fowls. 

John  Lowe,  of  Bull  Ring,  Birmingham  :  the  Prize  of  Two  SovsREiOKSy  for 
his  Golden-pencilled  Hamburg  Fowls,  the  Cock  10  months  and  the  Hens 
14  mouths  old ;  bred  by  himself. 

James  Dixon,  of  North  Park,  Bradford,  Yorkshire  :  the  Prize  of  One  Sove- 
reign, for  his  Golden-pencilled  Hamburg  Fowls,  the  Cock  2  years  and 
the  Hens  1  year-old  ;  bred  by  himself. 

James  Dixon,  of  North  Park :  the  Prize  of  Two  Sovereigns,  for  his  Silver- 
pencilled  Hamburg  Fowls,  the  Cock  2  years  and  the  Hens  1  year-old ; 
bred  by  himself. 

The  Rev.  Thomas  Lyon  Fellowes,  of  Beighton  Rectory :  the  Prize  of  Oke 
Sovereign,  for  his  Silver-pencilled  Hamburg  Fowls,  the  Cock  1  year  and 
the  Hens  1  year  and  3  months  old ;  bred  by  himself. 

James  Dixon,  of  North  Park :  the  Prize  of  Two  Sovereigns,  for  his  2  years- 
old  Golden-spangled  Hamburg  Fowls ;  bred  by  himself. 

James  Dixon,  of  North  Park  :  the  Prize  of  One  Sovereign,  for  his  2  years- 
old  Golden^spangled  Hamburg  Fowls ;  bred  by  himself. 

James  Dixon,  of  North  Park ;  the  Prize  of  Two  Sovereigns,  for  his  Silver- 
spangled  Hamburg  Fowls,  the  Cock  2  years  and  the  Hens  1  year  old ; 
bred  by  himself. 
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W.  B.  Mapplebeck,  of  Bull  Ring,  Birmingham :  the  Prize  of  Oke  Sovb- 
REiGN,  for  his  2  years-old  Silver-spangled  Hamburg  Fowls;  bred  by 
Miss  Mary  Ann  Tuley,  of  Keighley,  Yorkshire. 

Farm  Poultry  :  Mcday  Fowls. 

John  Buncombe,  of  Wellington,  Somersetahire :  the  Prize  of  Two  SovBBEiaNS, 
for  his  2  years-old  Black-breasted  Red  Malay  Fowls ;  bred  by  Miss  King 
and  Charles  Ballance,  of  Taimton. 

Farm  Poultry  :  Poland  Fowls. 

R.  H.  Bush,  of  Ash  ton  Lodge,  Bath :  the  Prize  of  Four  Sovebeiqnb,  for  his 
(above)  2  years-old  Golden-Poland  Fowls :  bred  by  himself. 

K.  H.  Hush,  of  Ash  ton  Lodge :  the  Prize  of  Two  Sovebeions,  for  his  Golden- 
Poland  Fowls,  the  Cock  4  years  and  the  Hens  2  years-old ;  bred  by 
himself. 

Charles  Edmund  Coleridge,  of  Eton :  the  Prize  of  Four  Sovebeions,  for 
his  Silver-Poland  Fowls  ;  the  Cock  over  3  years,  and  the  Hens  respectively 
2  years,  and  1  year  and  1  month  old ;  the  Cock  bred  by  E.  Strange,  of 
Ampthill,  and  the  Hens  by  the  Exhibitor. 

G.  C.  Adkins,  of  West  House,  Edgbaston,  Birmingham :  the  Prize  of  Two 
Sovereigns,  for  his  2  years-old  Silver-Poland  Fowls ;  breeder  unknown. 

G.  C.  Adkins,  of  West  House  :  the  Prize  of  Four  Sovereigns,  for  his  (about) 
2  years-old  White-crested  Black  Poland  Fowls  ;  breeder  unknown. 

Charles  Edmund  Coleridge,  of  Eton :  the  IMze  of  Two  Sovereigns,  for  his 
2  ycais  and  3  months-old  White  Poland  Fowls ;  the  Cock  bred  by  F. 
Edwards,  of  Balstrode  Park,  Gerrard*s  Cross^  and  the  Hens  by  the 
Exhibitor. 

[No  entries  were  made  for  the  Frizes  offered  by  the  Society  for  Turkeys  or  Geae.} 

Farm  Poultry  :  Aylesbury  Ducks. 

John  Weston,  of  Aylesbury:  the  Prize  of  Three  Sovereigns,  for  his  5  months 
and  1  week-old  Aylesbury  Drake  and  two  Ducks ;  bred  by  himself. 

John  Weston,  of  Aylesbury  :  the  Prize  of  Two  Sovereigns,  for  his  2  months 
and  1  week-old  Aylesbury  Drake  and  two  Ducks;  bred  by  himself. 

John  Weston,  of  Aylesbury :  the  Prize  of  One  Sovereign,  for  his  6  months 
and  2  weeks-old  Aylesbury  Drake  and  two  Ducks ;  bred  by  himself. 

Farm  Poultry  :  Rouen  Ducks. 

John  Weston,  of  Aylesbury :  the  Prize  of  Three  Sovereigns,  for  his  2  montlis 

and  3  weeks-old  Rouen  Drake  and  two  Ducks  ;  bred  by  himself. 
The  Kev.  Thomas  Lyon  Fellowes,  of  Beighton  Rectory :  the  Prize  of  Two 

Sovereigns,  for  his  (under)  3  months-old  Brown  Rouen  Drake  and  two 

Ducks  ;  bred  by  himself. 
Charles  Punch ard,  of  Blunt's  Hall :  the  Prize  of  One  Sovereign  for  his 

4  months-old  Rouen  Drake  and  two  Ducks ;  bred  by  himself. 

Farm  Poultry  :  Other  Ducks. 

James  Dixon,  of  North  Park :  the  Prize  of  Two  Sovereigns,  for  his  1  year 

and  1  month-old  Black  East-Indian  Drake  and  two  Ducks;  bred  by 

himself. 
William  Fisher  Hobbs,  of  Boxted  Lodge,  Colchester :  the  Prize  of  0ns 

Sovereign,  for  his  (more  than)  1  year-old  "Improved  Essex"  Drake 

and  two  Ducks  ;  bred  by  himself. 
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Robert  and  James  Moffat,  of  Newtown-of-Rockliffe,  Cumberland :  theFiue 
of  Thibtt  Sotsbxions,  for  their  16  years-old  dark-brown  thorangjibnd 
Stallion  **  A  British  Yeoman ;''  bred  by  J.  Blacklock,  of  Harts,  Yorkdiin; 
siro  "  Liverpool,"  dam  "  Fancy,"  sire  of  dam  **  Onsemeed.** 

Samuel  Adams,  of  Great  Walthani,  p]ssez :  the  Prize  of  Thibtt  Sovereigsi, 
for  his  (from  12  to)  H  years-old  Brown  thoronghbred  Hunter-Stallian 
"Tom  Moody;"  breeder  not  stated;  sire  "The  Flyer,"  dam  "Ladj^ 
bird,"  sire  of  dam  "Smolensko." 

Gkobob  Rayson,  of  Higbhead  Castle  Farm,  Carlisle  :  the  FriKa  of  TwBsn- 
FIVE  Sovebeigns,  for  his  5  years-old  Bay  Coaching-StaUion  *'  Scriving- 
ton ;"  bred  by  J.  Howston,  of  Low  Dike,  Cumberland ;  sire  *^  HamUekm 
Hero,"  dam  not  stated,  sire  of  dam  "  Splendour." 

William  Jex,  of  Hopton,  Sufifolk :  the  Prize  of  Twehtt-fits  SorrsBnex** 
for  his  5  years-old  Bay  Riding  or  Hackney  Stallion  "  Sebastopol  ;** 
bred  by  S.  G.  Batcly,  of  Southtown,  Great  Yannouth:  aire  '*Tom 
Moody,"  dam  unknown,  sire  of  dam  "  Lamplighter." 

Crhe  JuOges  withheld  the  Ftiie  of  20Z.  for  the  Wei^fcKsrxyiDg  Hontar  Man.] 

The  Rev.  Chables  Thomas  James,  of  Ermington,  Ivybridfce,  Dcpvonshhe: 
the  Prize  of  Twenty  Sovebeions,  for  his  8  yean-old  Brown  Hackney 
Mare  "  Gaiety ;"  breeder  not  stated. 

Fbedebick  B  a  blow,  of  the  Shrubbery,  Hasketon,  Suffolk :  the  Priw  of 
Fifteen  Soyebeions,  for  his  5  years-old  Black-brown  Hunter-Gelding; 
breeder  not  stated. 

The  Earl  of  Darnlet,  of  Cobham  Hall,  Kent :  the  Priee  of  Trar  Sove- 
reigns for  his  2  years-old  Chesnut  Hunter-Gelding ;  bred  by  himself. 

Francis  Harker,  of  Wcstland,  Essex :  the  Prize  of  Fittben  Soyebeiokb,  for 
his  7  years>old  Bay  Hackney-Gelding  ''Safety;'*  breeder  unknown. 

Frederick  Barlow,  of  the  Shrubbery :  the  Prize  of  Ten  Sovkbbigmb,  for  his 
2  years-old  Bay  Hackney-Gelding ;  breeder  not  stated. 


(iDommen&attons. 

The  mark  *  signifies  "  btqhlt  oommiikdrd  f  the  mark  t  **  coxnexhed  "  (dhtlnctly  aiMtiBdNldiiiqj}; 
and  the  omission  of  these  mork^  "oenkually  coxaiiuipED"  (u  partof*  whole  daas). 

t  James  Haughton  Langstox,  M.P.,  of  Sarsden  House,  Chipping^Norton :  Ibr 

his  3  years  and  9  months-old  lied-and-White  Short-homed  Boll  **  Field- 
Marshal  ; "  bred  by  himself. 
fliORD  Fevebsham,  of  Duncombe  Park,  Hclmsley :  fbr  his  3  yean  and  3  monthf* 

old  Red-and-White  Short-homed  Bull  •*  Fifth  Duke  of  Oxford ; "  bred  by  the 

late  Earl  of  Ducie. 
fLoRD  Fevkrsham,  of  Duncombe  Park  :  for  his  3  years  and  2  months-old  Ked- 

and-White  Short-homed  Bull  *'  Gloucester ; "  bred  by  the  late  Earl  of  Doeie. 
*James  Rea,  of  Monaughty,  Knighton :   for  his  1  year  5  months  S  weeks  and 

1  day-old  Dark-red  White-faced  Hereford  Bull  (withoat  name) ;  bred  by 

himself. 
"^JoHx  Walker,  of  Westfield  House,  Holmer:  for  his  (about)  9  years-old  Brown 

White-faced  Hereford  Cow,  In-mi1k  (without  name) ;  breeder  not  known. 
♦Walter  Maybery,  of  Brecon:  for  his  I  year  and  9  months-old  Brown  WUte- 

faced  Hereford  Heifer  "  Gladys  ;"  bred  by  himself. 
fWiLLTAM  Taylor,  of  Showie  Court,  Hereford:  for  his  3  years  and  6  months-old 

Red  White-faced  Hereford  Bull  "  Triton ;"  bred  by  himself. 
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WiiAAAH  Fisher  Hodbs^  of  Boxted  Lodge,  Colcheftter:  for  his  11  monthf-old 
Red  White-faced  Bull-calf  <*  Napoleon ; "  bred  by  himselfl 

'iixiAM  Styles  Powell,  of  Hereford:  for  his  1  year  and  11  months-old  Red- 
Brown  White-fiiced  Hereford  Heifer  '*The  last  Duchess  of  Newton;"  bred 
by  the  late  David  Williams,  of  Newton-Seethrog. 

DWARD  Price,  of  Court  House,  Pembridge :  for  his  1  year  and  1 1  months-old 
Red  White-faced  Hereford  Heifer  "  Lady  Wallace ; "  bred  bv  himself. 

DWARD  Price,  of  Court  House :  for  his  1  year  and  4  months-old  Brown  White- 
faced  Hereford  Heifer  **  Lady  Brace;"  bred  by  himself. 

js  Royal  Highness  Prince  Albert,  of  Windsor  Castle:  for  his  1  year  and 

10  months-old  Red  White-faced  Hereford  Heifer  *'  Hedgehog;"  bred  by  the 
Earl  of  Radnor,  of  ColeshilL 

[is  Royal  Highness  Prince  Albert,  of  THndsor  Castle :  for  his  1  year  and 

1 1  months-old  Red  White-faced  Hereford  Heifer  "  Vienna ; "  bred  by  the  Earl 
of  Radnor. 

Tilliam  Stedman,  of  Bedstone  Hall,  Ludlow :  for  his  1  year  6  months  and 
11  days-old  Red  White-maue-and-faced  Hereford  Heifer  *' Miss  Curly  ;"  bred 
by  himself. 

TiLLiAM  Stedman,  of  Bedstone  Hall :  for  his  Red  White-mane-and-faced  Here- 
ford Heifer  "  Miss  Berry ; "  bred  by  himself. 

AMES  Rea,  of  Monaughty ;  for  his  1  year  6  months  3  weeks  and  5  days-old  Red 
and  Grey  White-faced  Hereford  Heifer  (without  name) ;  bred  by  himself. 

*HiLip  Turner,  of  the  Leen,  Pembridge :  for  his  1  year  8  months  and  13  days- 
old  Red  White-faced  Hereford  Heifer  "  Graceful ;"  bred  by  himself. 

Walter  Farthing,  of  Stowey  Court,  Bridgewater:  for  his  3  years  and  3  months- 
old  Red  Devon  Bull  "Ben;"  bred  by  himself 

Richard  Corner,  of  Torwestou,  Taunton :  for  his  1  year  and  7  months-old  Red 
Devon  Bull  "  Weston ; "  bred  by  himself. 

William  M.  Gibbs,  of  Bishop-Lvdeard,  Taunton:  for  his  6  years  and  8  months- 
old  Red  Devon  Cow  "  Daisy,    In-milk  and  In-calf;  bred  by  himself. 

Ja3ies  Quartly,  of  Molland  House,  Southmolton :  for  his  6  years  and  6  months- 
old  Red  Devon  Cow  **  Rosebud,"  In-milk  and  In-calf;  bred  by  himself. 

John  C.  Halse,  of  Molland,  Southmolton :  for  his  7  years  and  5  months-old  Bed 
Devon  Cow  "  Fancy,"  In-calf  and  In-milk;  bred  by  Thomas  Halse. 

lis  Royal  Highness  Prince  Albert,  of  Windsor  Castle :  for  his  2  yei^rs  and 
6  mouths-old  Red  Devon  Heifer  "  Rosa,"  In-calf;  bred  by  the  Earl  of  Ayles- 
ford,  of  Packington. 

Thomas  Miller,  of  Castle  Farm,  Sherborne:  for  his  2  years  and  4  months-old 
Red  Devon  Heifer  "Moss-Rose,"  In-calf;  bred  by  himself. 

ruo3iAS  Miller,  of  Castle  Farm :  for  his  2  years  and  4  months-old  Red  Devon 
Ileifer  "  Red  Rose,"  In-calf;  bred  by  himself. 

:1dward  Pope,  of  Great  Toller,  Maiden  Newton :  for  his  2  years  and  6  months-old 
Red  Devon  Heifer  "  Matchless,"  In-calf;  bred  by  himself. 

Fames  Quartly,  of  Molland  House :  for  his  2  years  and  6  months-old  Red  Devon 
Ileifer  *'  Moss-Rose,"  In-calf;  bred  by  hiinself. 

Fames  Quartly,  of  Molland  House :  for  his  2  years  and  3  months-old  Red  Devoo 
Ileifer  "  Nectar,"  In-calf;  bred  by  himself, 

^T.  B.  HiLDYARD,  of  Flintham  Hall,  Newark :  for  his  5  years-old  Grey  Agricul- 
tural Stallion  "Matchless;"  bred  by  J.  Hatoe,  of  Sempringham  Fen, 
Folkingham. 

•"Samu  el  and  Robert  Spencer,  of  Flecknoe,  Daventry :  for  their  2  years-old  Brown- 
roan  Cart-Stallion  "  Carlisle ; "  bred  by  Robert  Cowley,  of  Kilsby,  Rugby. 

^Matthew  Berridoe,  of  Ingarsby,  Leicester:  for  his  1  yearH)ld  Black  Dishley- 
Leicestershire  Agricultural  Stallion  (without  name) ;  bred  by  Thomas  Willey, 
of  IIoughtou-on-the-Hill,  Leicestershire. 

^Charles  Cordy,  of  Frimley-St.-Mary,  Ipswich:  for  his  6  years-old  Chesnut 
Suffolk  Mare  **  Matchet,"  and  foal,  tor  Agricultural  purposes ;  bred  by  himself. 

^His  Royal  Highness  Prince  Albert,  of  Windsor  Castle:  for  his  2  years-old 
Brown  Clydesdale  Filly  "  Mary,"  for  Agricultural  purposes ;  bred  by  William 
Menzies,  of  Inch  Farm,  Kincardine-on-Forth. 

ft  Ferdinand  Robbe  Dochateau,  Proprietaire-Cultivateiir,  k  Hames-Boncres, 
Canton  de  Guiues :  for  his  large  5  years-old  Dapple-Grey  Boalogne  Agricnl- 

c  2 
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tnral  Stallion  *'Joli-ccBar;"  bred  by  M.  Dabofi,  Propru^taiie-Cnltifateiir « 

Margaise : — specvdly  commended  by  the  Jvdqes  as  a  specimen  of  a  Firetuk  kene. 
t  fFERDiNAND  Roube  Duchateau,  ft  Hames-Boucres :  for  his  7  yean-old  \Mxp 
Dapple-Grey  Boulogne  Affricoltural  Stallion  «*  Ferdinand ;"  bred  by  M.Hobcrt 
Codron,    Propri^taire-CaTtivateur,  h  Frethun  :—specialli/  ccmmeHded  bg  ik 
Judjes  as  a  specimen  of  a  French  /torse, 
fNATUANiEL  George  Barthropp,  of  Cretingham  Rookery,  Woodbridge:  ftrbii 
8  years-old  Chcsnut  Suffolk  Stallion  **  Hercules,"  for  Agricaltnrml  pwpoKi: 
bred  by  D.  Green,  of  Feuringhoo,  Colchester, 
t  JonN  L.  WiLLEs,  of  Pillingham,  Maldon:  for  his  8  years-old  Chemnt  halMnd 
Suffolk  Stallion  ^*  Constitution/'  for  Agricultural  purposes ;  bred  by  himself 
f  Geobge  John  Rust,  of  Great  Leighs,  Chelmsford:  for  his  6  years-old  Bay  Agri- 
cultural Stallion  "  Young  Heart  of  Oak ; "  bred  by  J.  Bentall,  of  Felittd, 
Braintree. 
t William  Buller,  of  Hanwell  Fields,  Banbury:  for  his  5  year»<o1d  Bron 

Oxfordshire  Agricultural  Stallion  "  Conqueror ; "  bred  by  John  White. 
t Edward  Robert  Blewitt,  of  Bnshey,  Watford:  for  his  4  yeais-old  Blick 
Agricultural  Stallion  ''Black  Prince;"  bred  by  J.  Ridricky  of  BienoD, 
Aylesbury, 
t  John  Coulson,  of  Icklingham,  Mildenhall :  for  his  3  years-old  Chesnnt  Cut- 
Stallion  "  George ;  *'  bred  by  himself, 
f  Samuel  Sparsiiatt,  of  Weston  Farm,  Odiham :  for  his  2  yearfrKild  Bay  Agri- 
cultural Stallion  (without  name) ;  bred  by  himself. 

t John  Williams,  of  Frimley-St.-Martin,  Ipswich :  for  his  2  yeBrsK>ld  Ghesnt 
Suffolk  Stallion  '*  Champion,"  for  Agricultural  purposes ;  bred  by  himselt 

t Samuel  Wolton,  jun.,  of  Kesgrave,  Woodbridge:  for  his  2 years-old Cbenot 
Suffolk  Filly  **  Duchess,"  for  Agricultural  purposes ;  bred  by  himself. 

fJoHN  Ward,  of  East-Mersca,  Colchester:  for  his  2  years-old  Chesnnt  SaA)lk 
Filly  (without  name),  for  Agricultural  purposes;  bred  by  Robert  Harris,  of 
Culpho,  Ipswich. 

f  Edward  Holland,  M.P..  of  Dumbleton  Park,  Evesham :  for  his  2  3^ars-old  Bit 
Gloucestershire  Filly  **  Graceful,"  for  Agricultural  purposes ;  bred  by  himself. 

John  Williams,  of  Frimley-St.-Martin,  Ipswich:  for  his  2  years  old  Chesnat 
Suffolk  Filly  *' Doubty/  for  Agricultural  purposes;  bred  by  himself. 

Samuel  Woi.TON,  jun.,  of  Kesgrave,  Woodbridge:  for  his  2  years-old  Chenut 
Suffolk  Filly  "Countess."  for  Agricultural  purposes;  bred  by  himself. 

Samuel  Wolton,  jun.,  of  Kesgrave  :  for  his  2  years-old  Chcsnut  Suffolk  Filly 
** Princess,"  for  Agricultural  purposes;  bred  by  J.  Meller,  of  Qopton, 
Woodbridge. 

G.  D.  Badham,  of  The  Sparrow's  Nest,  Ipswich :  for  his  2  years-old  Chesnnt 
Filly  Cwithout  name),  for  Agricultural  purposes ;  bred  by  himself. 

Richard  Woodman,  of  Glynde,  Lewes:  for  his  2  years  and  2  months^ld  Chesnat 
Suffolk  Filly  (without  name),  for  Agricultural  purposes ;  bred  by  himselt 

N.  G.  Barthropp,  of  Cretingham  Kookery :  for  his  2  years-old  Chesnnt  Suffolk 
Filly  (without  name\  for  Agricultural  purposes;  bred  by  himself. 

His  Royal  Highness  Prince  Albert,  of  Windsor  Castle :  for  his  2  years  dd 
IJay  Clydesdale  Filly  **  Sally,"  for  Agricultural  purposes  ;  bred  by  himself. 

Thomas  Biiidue,  of  Buttsbury,  Ingatestone ;  for  his  2  years  and  1  month-old  £tay 
home-breed  Agricultural  Filly  (without  name);  bred  by  William  Chafiey,  of 
Tednarnbury,  Sawbridge worth. 

J.  B.  OwKN,  of  Ilodcotc,  Newhury:  for  his  2  years  and  1  monthrold  Black  Berk- 
shire Agricultural  Filly  ;  bred  by  himself. 

f  Thomas  Edward  Pawlett,  of  Bceston:  for  his  16  months-old  Leicester  Shear- 
ling Ram ;  bred  by  himself. 

f  Robert  Ward  Cress  well,  of  Ravenstone,  Ashby-de-Ia-Zouch ;  for  his  16  months- 
old  Leicester  Shearling  Itam ;  bred  hj  himself. 

fJoHN  Garne,  of  Filkins,  Lechlade:  for  his  39  months-old  Long-wool  or  Cotswold 
Ram ;  bred  by  the  late  Charles  Large,  of  Broadwell. 

fGEORnK  Fletcher,  of  Shipton,  Andoversford :  for  his  28  months-old  Cotswold 
Ram ;  bred  by  himself. 

f  Thomas  Walker,  of  Yanworth,  Northleach:  for  his  15  months-old  Pen  of  five 
Shearling  Long-wool  or  Cotswold  Ewes ;  bred  by  himself. 
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t*  George  Mangles,  of  Givendale,  Ripon:  spechlly  Mghlu-commendcd,  for  his 
3  years  and  11  months-old  White  Yorkshire  Breeding-Sow  "Queen  of 
Hearts/'  of  the  small  breed;  bred  by  himself. 

*JoHN  Harrison,  jun.,  of  Heaton-Norris,  Stockport:  for  his  10  months  1  week 
and  6  days  old  White  Boar  "  Young  Prince,  of  the  small  breed  ;  bred  by 
J.  Downs,  of  Reddish,  Stockport. 

♦James  Marriott,  of  Floore.  Weedon :  for  his  6  months-old  White  Improved- 
Leicester  and  Yorkshire  Boor  "  Raglan,"  of  the  small  breed ;  bred  by  himself. 

♦Henry  Blandford,  of  Sandridee,  Chippenham :  for  his  3  years  2  months  and 
3  weeks-old  Berkshire  Breeding-Sow  "  Lady  Betty,"  black,  with  white  face 
and  feet  and  a  few  spots,  of  the  large  breed ;  bred  by  himself. 

♦The  Rev.  Charles  Thomas  James,  of  Ermington,  Ivybridge :  for  his  2  years  and 
5  months-old  Black  White-spotted  Berkshire  Breeding-Sow  <*  Darling,"  of 
the  large  breed;  bred  by  William  Hewer,  of  Sevenhampton. 

♦William  Hatton,  of  Addin^ham,  Otley :  for  his  2  years  and  1  week-old  White 
Blue-spotted  Breedinc^Sow  "  Jenny  Lind,"  of  the  small  breed ;  bred  by  Joseph 
Wilkinson,  of  Roundbay,  Leeds. 

♦Thomas  Crisp,  of  Chillesford  Lodge,  Woodbridge :  for  his  2  years  and  4  mouths- 
old  Black  Breeding-Sow  "  Blackbird,"  of  the  small  breed ;  bred  by  himself. 

♦William  James  Sadler,  of  Purton,  Swindon:  for  his  Pen  of  three  6  months 
and  4  days-old  Berkshire  I3reeding  Sow-Pigs,  of  the  large  breed;  bred  by  him- 
self. 

•Thomas  Crisp,  of  Chillesford  Lodge:  for  his  Pen  of  three  6  months-old  Black 
Breeding  Sow-Pigs,  of  the  small  breed ;  bred  by  himself. 

fTnoMAS  BiRKBECK,  of  Settle :  for  bis  2  years  and  10 "months-old  White  Boar 
"  Young  Prince,"  of  the  large  breed ;  bred  by  William  Hatton,  of  Adding- 
hara,  Otley. 

fSAMUEL  MuNRo,  of  Salford:  for  his  1  year  and  6  months-old  "VMiite  Boar  "John," 
of  the  large  breed ;  bred  by  J.  Ryley,  of  Manchester. 

tGEOKGE  Mangles,  of  Givendale:  for  his  2  years  and  3  weeks-old  White  Boar 
**  Ajax,"  of  the  small  breed ;  bred  by  himself. 

fTnoMAS  Crisp,  of  Chillestbrd  Lodge:  for  his  6  months  and  1  week-old  Black 
Boar  (without  name),  of  the  smiUl  breed ;  bred  by  himself. 


IMPLEMENTS. 

SrKAM-C»LTivATOR,--The  Report  of  the  Judges  on  the  trials  made  in  competition  for  the  Society's 
un(Iivi(le<l  lYizc  of  FivK  Hundred  1\>unds  *' for  the  Steam-Cultivator  that  fiball  in  tbe  most 
eftlcieiit  mann«r  turn  (»ver  tbe  Soil,  aud  be  au  economical  substitute  for  the  Plou^  or  the  Spade." 
will  be  found  in  Mr.  Cavendish's  General  Report  on  the  Exhibition  aud  Trial  of  Implements  in 
1 856,  given  in  the  Journal,  voU  xvlL,  part  2,  page  679. 


James  and  Frederick  Howard,  of  Bedford :  the  Prize  of  Seven  Sovebeions, 
for  their  Two- wheeled  Iron  Plough,  marked  P  P,  as  the  Plough  best 
adapted  for  general  purposes ;  invented,  improved,  and  manufactured  by 
themselves. 

William  Ball,  of  Bothwell,  Kattering :  the  Prize  of  Four  Sovereigns,  for 
his  Iron  Plough,  as  the  second-best  Plough  adapted  for  general  purposes; 
invented,  improved,  and  manufactured  by  himself. 

P^DWARD  Hammond  Bbntall,  of  Heybridpe,  Maldon :  the  Prize  of  Foub 
Sovereigns,  for  his  Plough  marked  E  H  B,  as  the  third-best  Plough 
adapted  for  general  purposes ;  invented  and  manufacturefl  by  himself. 

Jamks  and  Frederick  Howard,  of  Bedford :  the  Prize  of  Five  Sovereigns, 
for  their  Iron  Plough,  marked  P  P  P,  as  the  best  Plough  adapted  for 
lieavy  land ;  invented  and  manufactured  by  themselves. 
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WiLLiAK  Ball,  of  Eotbwell,  Kettering :  ibe  Prize  of  Thbss  SovMEUga, 
for  his  Iron  Plough,  as  the  second-best  Plough  adapted  for  heaTy  land; 
invented,  improved,  and  manufactured  by  himself. 
Ransomes  and  Simb,  of  Ipswich :  the  Prize  of  Two  Sovebeiobs,  for  tber 
strong  Solid-Beam  Wrought-! ron  Plough,  marked  V  R  S,  at  the  thiid- 
best  Plough  adapted  for  heavy  land ;  invented,  improved,  and  mann&o* 
tured  by  themselves. 
James  and  Frederick  Howard,  of  Bedford :  the  Prize  of  Foub  SotsbsmHi 
for  their  Two-wheeled  Iron  Plough  with  Subsoil  Fnune,  as  the  kA 
Plough  adapted  for  light  land ;  invented  and  manufactured  by  themselves. 
Ravsohes  and  Sims,  of  Ipswich :  the  Prize  of  Two  SovsHBioira,  for  thdr 
light  Solid-Beam  Iron  Plough,  marked  Y  B  L,  as  the  second-best  Plon^ 
adapted  for  light  land ;  invented,  improved,  and  maunfactnied  by  thcmr 
selves. 

William  Bali^  of  Rothwell :  the  Prize  of  Two  Sovebexgns,  for  Lis  Iran 
Plough,  as  the  third-best  Plough  adapted  for  light  land ;  invented,  ii 
proved,  and  manufactured  by  himself. 
Edward  Hammond  Bentall,  of  Heybridge :  the  Prize  of  Two  SoTXBEiasii 
for  his  Plough,  marked  E  H  B,  being  a  modification  of  the  original  Gold- 
hanger  Plough,  as  the  fourth-best  Plough  adapted  for  light  land;  in- 
vented and  manufactured  by  himself. 
James  and  Frederick  Howard,  of  Bedford:   the  Prise  of  Thbee  Sovb- 
beigks,  for  their  Improved  Bidge  or  Double-breast  Plough,  as  the  bat 
llidge-Plough  ;  invented  and  manufactured  by  themselves. 
Ransomes  and  Sims,  of  Ipswich:  the  Prize  of  Two  SovEREXom,  for  thdr 
Trussed-Beam  Iron  One-way,  or  Turn- wrest  Plough ;  invented  by  Heniy 
Lowcock ;  improved  and  manufiictured  by  themselves, 
William  Williams,  of  Bedford :  the  Prize  of  Three  Sovebeigns,  for  his  set 
of  Four-Beam  Diagonal  Iron  Harrows,  as  the  best  Harrows  for  gcnenl 
purposes ;  invented  by  Laurence  Taylor,  of  Gottou-End ;  improTed  and 
manufactured  by  the  Exliibitor. 
James  and  Frederick  Howard,  of  Bedford :  the  Prize  of  Tiibee  SoyEBEi6!S8, 
for  their  Set  of  Jointed  Iron  Harrows,  marked  10,  as  the  second-best 
Harrows  for  general  purijoses ;  invented  and  manufactured  by  themselves. 
Ransomes  and  Sims,  of  Ipswich :  the  Prize  of  Two  Sovereigns,  for  their  Set 
of  four  Heavy  East-Anglian  Harrows,  as  the  third-best  Harro\\'8  for 
general  purposes ;  invent^,  improved,  and  manufactured  by  themselves. 
James  and  Frederick  Howard,  of  Bedford:   the  Prize  of  Three  Sove- 
reigns, for  their  Set  of  Iron  Drag-Harrows,  marked  No.  17,  as  the  best 
Drag-Harrows  for  general  purix)ses;    invented  and  manafactuxcd  by 
themselves. 
William  Williams,  of  Bedford :  the  Prize  of  Two  Sovereigns,  for   his 
Pair  of  Drag-Harrows,  as  the  second-best  Drag-Harrows  for  general  pur- 
poses ;    invented  by  Laurence  Taylor,  of  Cotton-End ;   improved  and 
manufactured  by  the  Exhibitor. 
James  and  Frederick  Howard,  of  Bedford:    the  Prixe  of  Three  Sove- 
REinNS,  for  their  Set  of  Jointed  Iron  Harrows,  marked  No.  15,  as  the 
best  light  or  Seed-Harrows  for  general  yuqx)6e8 ;  invented  and  mauufac- 
tured  by  themselves. 
WiLixAM  WiLLL\Ms,  of  Bedford :  the  Prize  of  Two  Sovereigns,  for  his  Set 
of  Four-Beam  Diagonal  Iron  Harrows,  as  the  second-best  light  or  Seed- 
Harrows  for  general  purposes ;  invented  by  Laurence  Taylor,  of  Cotton- 
End  ;  improved  and  manufactured  by  the  Exhibitor. 
Edward  Hammond  Bentall,  of  Heybridge :  the  Prize  of  Two  Sovereionb, 
for  his  Set  of  Six  Throe-Beamed  Harrows,  as  tiie  third-best  light  or  Seed- 
Harrows  for  general  purposes  ;  invented  and  manuCncturod  by  himself. 
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KowARD  HAimoNB  Bkntall,  of  Heybri^ :  the  Prize  ofTssEM  SovsBSioin, 
for  his  light  Iron-Beam  Broad^fiare  rlough,  marked  L  I  B  B,  as  the  best 
Cultivator  for  heavy  land ;  invented  and  mannfactnred  by  himself. 

JiiCHABD  Coleman,  of  Chelmsford :  the  Prize  of  Thbke  Soyebxigks,  for  his 
Wrought-lron  Drag-Harrow,  Cultivator^  or  Scarifier,  as  the  second-best 
Cultivator  for  heavy  land ;  invented,  improred,  and  nuamfaotured  by 
himself. 

TiANsoMES  and  Sims,  of  Ipswich :  the  Prize  of  Two  Sotxbeigvs,  for  their 
improved  Wrought-lron  Scarifier,  Grubber,  or  Cultivator,  No.  7,  as  the 
third-best  Cultivator  for  heavy  land  ;  invented,  improred,  and  manufac- 
tured by  themselves. 

Richard  Coleman,  of  Chelmsford :  the  Prize  of  Thbbe  Soyereiokb,  for  his 
Wrought-lrou  Drag-Harrow,  Cultivator,  or  Scarifier,  as  the  best  Culti- 
vator for  light  land ;  invented,  improved,  and  manufactured  by  himself. 

Edward  Hammond  BBNTALL,of  Heybridge :  the  Prize  of  Thekk  Soyebeignb, 
for  his  li^t  Iron-Beam  Broadshare  Plou^,  marked  L  I  B  B,  as  the 
second-best  Cultivator  for  light  land ;  invented  and  manufactured  by 
himself. 

P^EDERicK  Phillips  and  Jambs  Woods,  of  Brandon  and  Stowmarket :  the 
Prize  of  One  Sovereign,  for  their  Finlayson's  Self-Cleaning  Harrow,  as 
the  third-best  Cultivator  for  light  land  ;  improved  and  manufactured  by 
James  Woods,  of  Sto>*inarket. 

KicHARD  Coleman,  of  Chelmsford :  the  Prize  of  Thbee  Sovsreionb,  for  his 
Wrought-lron  Drag-Harrow,  Cultivator,  or  Scarifier ;  as  the  best  Scarifier 
or  Parer ;  invented,  improved,  and  manufactured  by  himself. 

Edward  Hammond  Bbntall,  of  Heybridge  ;  the  Prize  of  Two  Sovereigns, 
for  his  Light  Irou-Beam  Broadshare  Plough,  marked  L  I  B  B,  as  the 
second-best  Scarifier  or  Parer ;  invented  and  manufactured  by  himself. 

Edward  Hammond  Bentali.,  of  Heybridge :  the  Prize  of  Fivb  Sovebkigns, 
for  Lis  Iron-Beam  Broadshare  and  Subsoil  Pkmeh,  marked  B  I  B,  as  the 
best  Subsoiler ;  invented  and  manufactured  by  himself. 

W1LI.1AM  Smith,  of  Little  Woolstone,  Fenny-Stratford:  the  Prize  of  Foub 
Sovereigns,  for  liis  Steam  or  Horse-rower  Subsoil-Ploudi ;  as  the 
second-best  Subsoiler ;  invented  and  manufactured  by  himself. 

William  Dray  and  Co.,  Swan-Lane,  London :  the  Prize  of  Four  Sovxbxigks, 
for  their  Ivon  Subsoil-Plough,  as  the  third-best  Subsoiler ;  invented,  im- 
proved, and  manufactured  by  Gray  and  Co.,  Uddingston,  Glasgow. 

Ja^ies  and  Frederick  Howard,  of  Bedford :  the  Prize  of  Three  Sovereigns, 
for  their  Two- wheeled  Iron  Plough,  as  the  fourth-best  Subsoiler;  in- 
vented and  manufactured  by  themselves. 

lUNSOMEsand  Sims,  of  Ipswich  :  the  Prize  of  Three  Sovereigns,  for  their 
Beauclerc's  IVussed-Beam  Iron  Archimedean  Subsoil  Plough,  with 
wheels,  as  the  fifth-best  Subscnler ;  invented  by  Lord  Charles  ^auclerc ; 
improved  and  manufactured  by  the  Exhibitors. 

IUrrett,  Exall,  and  Andrewes  of  Heading :  the  Prize  of  One  Sovereign, 
for  their  Subsoil  Plough  and  Pulveriser,  as  the  sixth-best  Suleoiler: 
invented  by  Richard  llead,  of  London ;  improved  and  manufactured  by 
the  Exhibitors. 

Alfred  Crosskill,  of  Beveriey :  the  Prize  of  Three  Sotsreigks,  for  his 
Improved  Clod-Crusher,  as  the  best  Clod-Crusher  for  heavy  land ;  in- 
vented by  William  Crosskill;  improved  and  manufactured  by  the 
Exhibitor. 

William  Dray  and  Co.,  of  Swan-Lane :  the  Prize  of  Three  Sovereigns, 
for  their  Comjwund- Action  Clod-Crusher  and  Boiler,  as  the  second-best 
Clod-Crusher  for  heavy  land ;  invented  and  improved  by  J.  Patterson,  of 
Beverley ;  manufactured  by  the  Exhibitors. 
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William  C.  Cambbidok,  of  Bristol :  tbo  Prize  of  Two  Sovebxigvb,  for  hit 
Itollcr  or  Clod-Crusher,  as  the  third-best  Clod-Crusher  for  heavy  land: 
invented,  improved,  and  manufactured  by  himself. 
Ransomes  and  Simb,  of  Ipswich :  the  Prize  of  Two  Sotebeionb,  for  their 
six-feet  wide  Clod-Crushing  Roller,  as  the  fourth-best  Clod-Crusher  fw 
hca\y  land ;  invented  by  William  Crosskill ;  improved  aud  manufactmed 
by  the  Exhibitors. 
William  Day  and  Co.,  of  Bow-Road,  Ix>ndon :  the  Prize  of  Two  Sove- 
nEiQKS,  for  their  liand-RoUcr  and  Clod-Crusher,  as  the  fifth-best  Clod- 
Crusher  for  heavy  lan<l ;  invented  by  William  Day,  manufactured  by  the 
Exhibitors. 
Rassomes  and  Sims,  of  Ipswich :  the  Prize  of  IVo  Sovebsigkb^  for  their 
three-cylinder  Iron  Field-Roller,  two  feet  in  diameter,  as  the  best  Plain 
Roller ;  invented,  improved,  and  manufactured  by  themselves. 
HiLii  and  Smith,  of  Brierlcy  Hill,  Dudley :  the  Prize  of  Two  Sovsbrigks, 
for  their  wrought-irou  Barley- Roller,  seven  and  a  half  feet  long  and  two 
feet  in  diameter,  as  the  Ix^st  Plain  Roller  for  light  land ;  invented  and 
manufactured  by  the  Exhibitors. 
Edward  Hammond  Bestall,  of  Heybridge :  the  Prize  of  Two  Soyebkioits, 
for  his  Double  Ijaud-RoUcr,  with  improved  heads,  joints,  and  boxes ;  as 
the  second-best  Plain  Roller  for  light  land ;  manufactured  by  himself. 
Alfred  Crosskill,  of  Beverley ;  for  his  Clod-Crusher  or  Serrated  Roller,  as 
the  best  heavy-land  Crusher ;  invented  and  improved  by  William  Cross- 
kill  ;  manufactured  by  the  Exhibitor. 
John  Whitehead,  of  Preston :  the  Prize  of  Five  Sovereigns,  for  his  Drain- 
Pipe  and  Tile  Machine,  as  the  best  Pipe-and-Tile  Machine ;  invented,  im- 
proved, and  manufactured  by  himself. 
Thomas  Scra(;o,  of  Calveley,  Taqxirley :   the  Prize  of  Four  SovEBSiGNSy 
for  his  Sin^^le-Action  Tile-Machine,  as  the  second-best  Pipe-and-Tile 
Machine  ;  invented,  im])roved,  and  manufactured  by  himself. 
Henry  Clayton,  of  Upper  Park- Place,  Dorset-Square,  London :  the  Prise  of 
Five  Sovereigns,  for  his  Combined  Clay-preparing  and  Brick-making 
Machine ;  invented  and  manufactured  by  himself. 
Burgess  and  Key,  of  95,  Newgate-Street,  London  :  the  Prize  of  Thbee  Sove- 
reigns, for  their  complete  Set  of  Draining  Tools ;  invented,  improved, 
and  manufactured  by  Francis  Parkes,  of  Birmingham.      » 
Alfred  Crosskill,  of  Beverley :  the  Prize  of  Twenty  Sovereigns,  for  his 
improved  Bell's  l^oaping-Machine ;  invented  by  the  Rev.  Patrick  Bell,  of 
Carmylie,  Scotland;  improved  by  William  Crosskill,  of  Beverley;  and 
manufactured  by  the  Exhibitor. 
BuRGKSs  and  Key,  of  95,  Newj;ate-Strect,  London :  the  Prize  of  Fifteen 
Sovereigns,  for  their  improved  MacCorniick's  Reaping- Macliine;   in- 
vented by  C.  H.  MacComiick,  of  America ;  improved  and  manufactoicd 
by  themselves. 
William  Dray   and  Co.,   of  Swan-Lane,   London :  the  Prize  of  Fifteek 
Sovereigns,  for  their  Improved  Hussey's  Reai>ing-Machino ;  invented 
by  OIxhI  Hussey,  of  the  United  States;  improved  and  manufactured  by 
the  Exhibitors. 
Thomas  Chambers,  jun.,  of  Colkirk  Hall,  Fakenham :  the  Prize  of  Five 
Sovereigns,  specially  awarded  to  him  by  the  Council,  on  tlie  recom- 
mendation  of  the  Judges,   **  for  the  newly-invented  Implement,  the 
Watcr-Droi>-Drill ;  invented  by  himself,  and  exhibited  by  Messrs.  Garrett." 
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MEDALS. 

Ranromes  and  Sims,  of  Ipswich :  a  Silyeb  MEDAii,  for  their  Cotgreave's 
Trenching  and  Subsoil  Plough  ;  invented  by  E.  Cotgreave,  and  manuflEU}- 
tured  by  themselves. 

Fbedbrick  Phillips  and  James  Woods,  of  Brandon  and  Stowmarket :  a 
Silver  Medal,  for  their  Poppy  and  Weed  Extirpator,  Lever  Harrow, 
and  Atmospheric  Land-Fertiliser;  invented  by  Frederick  PhillipB,  of 
Brandon,  and  manufactured  by  James  Woods,  of  Stowmarket. 

T.  E.  Griffiths  and  Co.,  of  Birmingham:  a  Silveb  Medal,  for  their 
Cheese-making  apparatus,  intended  to  effect  more  readily  the  separation 
of  the  Whey  from  the  Curd ;  invented  by  Richard  Keevil,  of  Laycock, 
Chippenham,  and  manufactured  by  the  Exhibitors. 

Robert  Body,  of  Bury-St.-Edmunds :  a  Silver  Medal,  for  his  improved 
Corn-Screen;  invented  by  T.  C.  Bridgeman,  of  Bury-St.-Edmund*s ; 
improved  and  manufactured  by  the  Exhibitor. 

George  Pye,  of  Ipswich :  a  Silver  Medal,  for  flax-fibres  illustrating  a 
mode  by  which  the  separation  of -the  fibres  m  the  flax-plant  is  effected, 
without  the  necessity  of  employing  the  usual  processes  of  retting  and 
scutching  ;  invented  by  himself  and  John  Watson  Burton,  of  Eye,  and 
manufactured  by  themselves. 

Barrett,  Exall,  and  Andrewes,  of  Reading :  a  Silver  Medal,  for  their 
Endless  Band-Saw  ;  invented  by  W.  Exall,  of  Reading ;  improved  and 
manufactured  by  the  Exhibitors. 


Commenttattoni^. 


Tbe  marks  ••  signify  "tert  righlt  oommekded  ;"  tbemartc  •  tignifie*  **  hiohlt  coiiMEifPKD ;" 
the  mark  f  "  comme^idkd;"  and  the  mark  $  "  rAvouRAULT  mkhtiomed." 

♦William  Busby,  of  Newton-le-Willows,  Bedale:  for  his  Two-Wheeled  Plough 

for  general  purposes ;  invented,  improved,  and  manu&ctnred  by  himself, 
t  James  Comins,  of  Southmolton :  for  his  Set  of  Improved  General-Purpose  Har- 
rows ;  invented,  improved,  and  manufactured  by  himself. 
§  Richard  Coleman,  of  Chelmsford :  for  his  heavy  extra-width,  ffeneral-pnrposie. 

Expanding  Harrow,  on  the  parallel-ruler  principle;  invented,  improved,  and 

manufactured  by  hiinself. 
"^Ransomes  and  Sims,  of  Ipswich :  for  their  Set  of  four  heavy  East-Anglian  Drag- 
Harrows  ;  invented,  improved,  and  manufactured  by  themselves. 
*Edward  Hammond  Bentali^  of  Heybridge:  for  his  Set  of  six  heavy  Two- 

beamed  Drag-Harrows ;  invented  and  manufactured  by  himself. 
'♦Hill  and  Smith,  of  Brierley  Hill,  Dudley:  for  their  Set  of  Wrought-Iron  Light 

or  Seed  Harrows ;  invented  and  manumctiuned  ly  themselves. 
fRANSoMES  and  Sims,  of  Ipswich:  for  their  Set  of  four  Three-beam  Medium-sixe 

East- Anglian  Light  or  Seed  Harrows ;  invented,  improved,  and  manufiictured 

by  themselves. 
♦♦HuoH  Carson,  of  Warminster:  for  his  Seven-share  Cultivator,  or  Scarifier,  for 

Iieavy  laud ;  invented,  improved,  and  manufiictured  by  himselil 
♦Alfred  Crosskill,  of  Beverley:  for  his  Ducie-Drag,  or  Uley-Cultivator,  for 

heavy  land ;  improved  by  i¥illiam  Crosskill,  and  manufactitfed  1^  the 

Exhibitor. 
•Hill  and  Smith,  of  Brierley  Hill,  Dudley:  for  their  Wrought-iron  Broadshare 

and  Cultivator,  for  heavy  laud ;  invented  and  manufactured  by  themselves, 
f  Hill  and  Ssiith.  of  Brierley  Hill:  for  their  Wrought-iron  Skim  or  Pair-horse 

Scarifier  and  Cultivator,  as  a  scarifier  for  light  land ;  invented,  improved,  and 

manufactured  by  themselves. 
fRANSOMES  and  Sims,  of  Ipswich:  for  their  Improved  Scotch  Grubber,  with 

wheels,  as  a  cultivator  for  light  land ;  invented,  improved,  and  manufiictured 

by  themselves. 
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§Jij[ES  CoMiNS,  of  Southmolton :  for  his  Parioff-PIough,  as  a  scarifier  for  lig^ 

land ;  invented,  improved,  and  manufactarcd  by  himself. 
-» Alfred  Crosskiix,  of  Beverley:  for  his  Norweffian  Harrow;  improved  bj 

William  Crosskill,  and  manunctured  by  the  Exhibitor. 

*  Jahes  Comins,  of  Southmolton :  for  his  Clod-Crusher,  Land-Pkesaer,  or  Pul- 

verizer ;  invented,  improved,  and  manufactured  by  himself. 

*  Jahcs  Frederick  Utttng,  of  Wisbeach :  for  his  Regulating  RoHer  and  CM- 

Crusher ;  invented  and  manufactured  by  himself. 
*Hdoh  Carson,  of  Warminster:  fbr  his  Cross-cut  Wheel-Boiler  and  Qod-Crasher, 

No.  1 ;  invented,  improved,  and  mannfkctored  by  himaelC 
tliARRETT,  ExAix,  and  Andrcweb,  of  Reading :  for  their  UaivsmI  Wheel-Rolkr 

and  Clod-Crusher ;  invented,  improved,  and  mann&ctared  bj  themselves. 

*  William  C.  Cambridge,  of  Bristol :  for  his  Grooved  Rollnr,  or  Clod-Cmdier; 

invented,  improved,  and  manufactured  by  himselfl 

fRicHARD  Coleman,  of  Chelmsford:  for  his  Improved  Smooth-Jointed  land- 
RoUer,  or  Clod-Crusher ;  invented  and  manufactured  by  himself. 

t  Willi  AM  Langford  Fisher,  of  Thrapstone :  for  his  Ood-Cnishing  Field-Roller; 
invented  and  imjjroved  by  Nathamel  Smith,  of  Thn^istone,  and  manofto- 
tured  by  the  Exhibitor. 

*WiLLiAM  Langiord  Fisher,  of  Thnpstone :  for  his  FieM-KoIler,  m  a  dieep-foot 
roller;  invented  and  improved  by  Nathaniel  Smith,  and  mannfactnred  by  the 
Exhibitor. 

^Ransomes  and  Sims,  of  Ipswich :  for  their  Three-cylinder  Iron  Bariey-Boller, 
10  inches  in  diameter,  as  a  light-land  roller;  invented,  improved^  and  amaa- 
factured  by  themselves. 

tHiLL  and  Smith,  of  Brierley  Hill :  for  their  Circular  Iron  Vermin-proof  Rick- 
Stand  ;  invented  and  improved  by  themselves. 

t William  Dray  and  Co.,  of  Swan-Lane:  for  their  Tubular  Iron-Gate;  invented, 
improved,  and  manufactured  by  themselves. 

fllENRY  Clayton,  of  Upper  Park-Place,  Dorset-Square :  for  his  No.  1  Double- 
action  Pipe,  Tile,  and  Tubular  Brick  Machine;  invented,  improved,  and 
manufactured  by  himself. 

The  marks  **  signify  *'tert  highly  oomvkxdkd  ;"  the  mark  *  stgnlfies  **btohlt  ooMMXiESKai" 
the  mark  f  "comv exdkd  ;"  and  the  maik  ^  "  rAvnuxaiLT  mnfOKSD.** 

James  Hudsoit, 

London^  December,  185G. 
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John  Haxton,  of  Drninnod,  Fifeshiro :  the  Prize  of  Thirty  Sotbreigns,  for 

the  best  Essay  on  the  ManagciDcnt  of  Light  Lands. 
Egbert  Vali^stike,    Farm-manager  to  the  Poyal  Agricultural  Colleee, 

Cirencester :  the  Prize  of  Ten  Sovereigns,  lor  the  best  Essay  on  Uie 

Cultivation  of  Beans  and  Peas. 
Lewis  Henry  Kuego,  of  Sherborne  :  the  Prize  of  Fifty  SovEBSZOxSy  for  the 

best  Keport  on  the  Farming  of  Dorsetshire. 
CiiARE  Sewei.l  Read,  of  Watlington :  the  Prize  of  Fifty  SoYXBXiaKS^  for 

the  best  Keix)rt  on  the  Fanning  of  Oxfordshire. 
John  Algernon  Clarke,  of  Long  Sutton  :  tlie  Prize  of  Fifty  Sotebeigks, 

for  the  best  Account  of  Trunk  or  Arterial  Drainage. 
Edward  E.  Agate,  of  Horsham :  the  Prize  of  Ten  Soyxbeigz^s,  for  the  best 

Essay  on  the  Autumn  Cleaning  of  Stubbles. 
Thomas  George  Bell,  LL.D.,  of  Bellovue  House,  Gateshead :  the  Prize  of 

Fifty  Sovereigns,  for  the  best  Keport  on  the  Fanning  of  I>urham. 
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John  Colbman,  of  Deene,  near  Wansford :  the  Prize  of  Thibty  Sovebeioxs, 
for  the  best  Account  of  Under-Drainage. 

James  Buckman,  Professor  of  Botany  in  the  Royal  Agricultural  College, 
Cirencester :  the  Prize  of  Twenty  Sovebeiqnb,  for  the  best  Essay  on 
Agricultural  Weeds. 

Isaac  Seaman  (Veterinary  Surgeon),  Saffron  Walden :  the  Prize  of  Ten 
Sovereigns,  for  the  best  Essay  on  Giddiness  in  Ewes  at  Lambing. 

William  Wallace  Ftfe,  of  Nottingham :  the  Prise  of  Tbh  SovK&iWHra,  far 
his  Re|x)rt  on  the  Management  and  Economioil  Values  of  Timber. 

Olaeb  Sewell  Read,  of  Plumstead,  near  Norwich :  the  Prise  of  Fifty 
Sovereigns,  for  the  best  Report  on  the  Fanning  of  Buddnghamshire. 

Henry  EvER8HED,of  Albury,  near  Guildford  :  the  Pnze  of  Fifty  Sovebbigns, 
for  the  best  Report  on  the  Fanning  of  Warwickshire. 

John  Coleman,  of  Deene,  near  Wauslbrd :  the  Prize  of  Forty  Sovebeions, 
for  the  best  Essay  on  the  Causes  of  Fertility  and  Banenness  in  Soils,  so 
far  as  observation  and  science  have  hitherto  enabled  them  to  be 
ascertained. 

Isaac  Seaman  (Veterinary  Surgeon),  of  Safircm  Walden :  tihe  Prize  of  Twenty 
Sovereigns,  for  the  best  account  of  the  Nature  and  Treatment  of  Lame- 
ness in  Sheep  and  Lambs. 

Rkv.  W.  R.  Bowditch,  of  St.  Andrew's,  Wakefield :  the  Priae  of  Thirty 
Sovereigns,  for  the  best  Essay  on  the  Chemical  Changes  which  occur  in 
the  Decomposition  of  Dung. 

Robert  Vallentine  (Land-Surveyor),  of  Burcott  Farm,  Lcighton-Buzzard  : 
tlic  Prize  of  Ten  Sovereigns,  for  the  best  Essay  on  the  Retention  of 
Moisture  in  Turnip-Soils. 

James  Blckman,  Professor  of  Geobgy  in-  the  Royal  Agricultural  College, 
Cirencester :  the  Prize  of  Twenty  Sovebbigns,  for  the  best  Essay  on  &e 
Roots  of  the  Wheat  Plant,  including  a  description  of  their  Growth  and 
Development. 

Robert  Smith,  of  Emmett's  Grange,  Southmolton :  the  Priac  of  Twenty 
Sovereigns,  for  the  best  account  of  the  different  modes  of  bringing  Moor- 
land into  Cultivation. 

Thomas  F.  Jamieson,  of  Ellon,  Aberdeenshire:  the  Prize  of  Forty  Sove- 
reigns, for  the  best  Essay  on  the  Chemical  Results  superinduced  in 
Newly-deepened  Soil  by  Atmospheric  Action. 

Peter  Love,  of  Naseby  Manor  Farm,  Northamptonshire:  the  Prize  of 
Twenty  Sovereigns,  for  the  best  Essay  on  the  diflferent  Mechanical 
Modes  of  Deepening  the  Staple-Soil^  in  order  to  give  it  the  full  benefit  of 
Atmospheric  Influence. 

Thomas  William  Player  Isaac  (Land-Surveyor),  of  Terrace  Walks,  Bath : 
the  Prize  of  Twenty  Sovbbeions,  for  the  best  Essay  and  Plans  for  the 
Construction  of  Labourers*  Cottages,  with  special  reference  to  Domestic 
Convenience. 


(     ^lii     ) 


35SWfiS  antt  3BlepOrtt.— prizes  for  1857.— ah  Prizes  of  the 
Royal  Agricultural  Society  of  England  are  open  to  general  com- 
petition. Competitors  will  be  expected  to  consider  and  discuas  the 
heads  enumerated. 


L   MZOBOSOOPIO  IN7X»TXOATX0N. 

Fifty  Sovereigns  will  be  given  for  the  best  Report  on  the 
Results  of  Microscopic  Observation  applied  to  the  Y^petable 
Physiology  of  Agriculture. 

It  is  not  thought  desirable  to  confine  the  observer  too  strictly  to  any 
particular  line  of  research,  the  only  necessary  limitation  bein^  that 
the  plants  to  be  examined  and  reported  upon  shall  be  selected  from 
those  commonly  cultivated;  such  as  the  cereals,  or  those  usuall}' 
known  under  the  names  of  pulse,  root,  and  fodder  crops.  The 
stnictuml  fonnation  of  these  plants — tlieir  ordinary  vital  processes 
— modifications  of  the  above  induced  by  climatic  influences  or  the 
application  of  manure — morbid  changes  of  their  tissues  consequent 
upon  the  attacks  of  insects  or  disease, — would  all  prove  extensive 
and  interesting  fields  of  inquiry ;  and  it  must  bo  left  to  the  writers 
themselves  to  select  those  particular  branches  of  the  subject  on 
which  they  are  able  to  supply  the  greatest  amount  of  original 
information. 


n.   LEVELLINa  BIDGE  AND  FUBBOW  IK  PASTUBZaS. 

Twenty  Sovereigns  will  be  given  for  the  best  Essay  on  Levelling 
Ridge  and  Furrow  Pasture  Land  after  drainage. 

Any  method  recommended  must  be  consistent  with  the  preservation  of  the 
old  sward,  and  must  bo  accompanied  by  a  detailed  account  of  the 
cost  of  the  whole  operation. 


in.   ADMIZTT7BE  OF  SOILS.  * 

Twenty  Sovereigns  will  be  given  for  the  best  Essay  on  the  per* 
manent  Amelioration  of  Soils  by  admixture  with  others. 

Claying,  marling,  dry-warping,  or  any  similar  operation  by  which  soil  of 
one  kind  is  mixed  with  land  of  a  dififercnt  description  in  sufficient 
quantity  to  efiect  a  ];)ermanent  improvement  in  its  quality,  may 


PrixmfoT  E$9^  ami  M^arii.  zliii 

properly  form  the  suljeot  cC  am  "Emtj  oompetiiig  &r  iUs  prise. 

Competitors  will  be  expected  to  stiite-^ 

1.  The  mode  of  canying  on  Hie  qperatkm,  wbeliher  ligr  i 
able  railways^  or  by  d^ging  treDoha^as  piic|IJaed.in  the  1 

*2.  The  subflequent  mode  of  caltiyation  wbkh  ia  found  to  effect  the  moat 
complete  admixtmre  <^the  day,  mariy  Sec,  wiHi  the  land. 

3.  The  nature  of  the  improTement  eflfooted ;  whether  land  prerioudy  too 

dry  becomes  obaervd>ly  more  retenttve  of  luaiiUue':  tr,  If  hmiwf 
land,  whether  superflnoua  moistote-  is  mon  i^ldly  oiaahaigBd  ami 

the  di£&culty  of  cultivation  thereby  leasened. 

4.  Whether  diseases  characteristio  of  certain  land,  sndi  aa  deaf  eaxs  of 

com  or  finger  and  toe  in  tnmipSy  aie  xemoved'Or  anuflb^diniinished. 

5.  Permanency  of  benefit. 

6.  Cost. 


17.  BSSTBUCniOM  0F  ▼RBHTIf* 

Tkn  Sovebsions  will  be  giTcn  fiir  the  beat  Beport  te  the  Beatnic- 
tion  of  Vermin  infesting  the  Hbmcfcteed  — d  Stackyard,   . 


TwENTT  SovBBsioNS  will  be  glTea  for  the  beat  Baiay  on  the 
comparative  Advantages  of  entering  upon  Faima  In  Sprii^ 
and  Autumn,  together  with  Inatructiona  to  the  young  Earmer 
on  his  entry  at  dither  i 


The  instructions  to  an  incoming  tenant  will  be  eiqpeoted  to  contain — 

1.  A  calendar  of  farm-work  for  each  month  <^  the  year. 

2.  Stock  of  different  descriptions  required  per  100  acrea. 

3.  Estimate  of  ibod  requidte  for  carrying  audi  atod^  throia|Eh  the  dififoient 

seasons.  -  •      i.   -  •:.. 

4.  Number  of  horses,  carta,  and  other  fanplementB  to  bapftovided, 

5.  Hints  for  use  at  the  time  oi  en^  on  the  pramiaea;  aoch  aa  methoda 

of  calculating  the  contents  of  hay-atads  and  mainue-heapSy  mode 
of  dealing  with  fixtnrea,  Ao.     . 


VX,  WIMTEE  BBAira,  ' 

Ten  Sovebeigns  will  be  g^ven  for  the  bait  Batay  on  the  Com* 
parative  Advantageaof  aowhig  Bmsk  in  l^priagand  Autnmn, 

As  the  success  of  Beans  sown  in  Autumn  ia  materially  infinenoed  by  ^he 
character  of  the  following  Winter,  oompatiton  will  be  expeeted  to 
state  the  result  of  more  than  one  year's  esperioioa  on  thia  aabfeot. 


zliv  Prizes  for  EsMay$  ixnd  BeparU. 

YIL  EABLT  AlVD  LATE  80WZKO  OF  BOOT  OBOM. 

Tkn  Sovereigns  will  be  given  for  the  best  Essay  on  the  reBiilt» 
of  early  and  late  sowing  of  turnips  and  other  root  crops. 

To  avoid  mildew,  it  is  found  advisable  in  many  parts  of  the  ooiintry  to 
sow  late,  even  at  some  sacrifice  in  weight  of  crop.    State^ 

1.  The  practice  of  different  districts  in  this  lespect,  with  any  exceptionsl 

cases  which  may  be  well  established. 

2.  The  comparative  weight  of  early  and  late  sown  turnips  or  other  root 

crop.    The  crops  to  be  compared  must  have  been  sown  in  the  same 
season,  on  the  same  description  of  land,  and  treated  alike  in  every 

respect  but  the  time  of  sowing. 

3.  The  causes  of  mildew  in  early  sown  turnips. 


VnL   ANT  OTHER  AOBICULTUBAL' SUBJECT. 

Ten  Sovereigns  will  be  given  for  the  best  Essay  on  any  other 
agricultural  subject. 


For  1858  :— 

IX.  DBILUNO  OOBN  AT  DIFFEBENT  WIDTHS. 

Ten  Sovereigns  will  be  given  for  the  best  Report  on  the  result  of 
drilling  wheat  at  different  widths  with  the  same  quantities  of 
seed,  and  also  with  different  quantities  of  seed  per  acre. 

The  following  set  of  experiments  is  recommended,  but  competitors  will 
be  at  liberty  to  adopt  any  other  which  will  furnish  the  information 
required.    The  trial  plots  must  not  contain  less  than  hsJf  an  acre 

each : — 

Plots  1,  2,  3,  drilled  at  12  inches  from  row  to  row  with  4,  6,  and 
8  pecks  of  seed  per  acre,  resi)ectively. 

Plots  4  and  5,  at  10  iuchea  from  row  to  row,  with  6  and  8  pecks 

respectively. 

Plots  6  and  7,  at  8  inches  from  row  to  row,  with  6  and  8  pecks 

respectively. 


The  Reports  or  Essays  competing  for  the  first  eight  of  these  Prizes  must  be 
sent  to  the  Secretary  of  the  Society,  at  12,  Hanover  Square,  London,  on 
or  before  March  1,  1857,  and  in  the  case  of  No,  9,  on  or  before  March  1 
1858.     Contributors  of  Papers  are  requested  to  retain  Copies  of  then' 
Communications,  as  the  Society  cannot  be  responsible  for  their  return. 


Bulbs,  ^cc 


Prizes  for  Esmyi  and  Reports.  xlv 

EULES  OP  COMPETITION  FOR  PRIZE  ESSAYS. 


1.  All  information  contained  in  Prize  Essays  shall  be  founded  on  experience 
or  obscrvatioDy  and  not  on  simple  reference  to  books  or  other  sources.  Com- 
petitors are  requested  to  use  foolscap  or  large  letter  paper,  and  not  to  write  on 
both  sides  of  the  leaf. 

2.  Drawings,  specimens,  or  models,  drawn  or  constructed  to  a  stated  scale, 
shall  accompany  writings  requiring  them. 

3.  All  competitors  shall  enclose  their  names  and  addresses  in  a  sealed  cover, 
on  which  only  their  motto,  the  subject  of  their  Essay,  and  the  number  of  that 
subject  in  the  Prize  List  of  the  Society,  shall  be  written.* 

4.  The  President  or  Chairman  of  the  Council  for  the  time  being  shall  open 
the  cover  on  which  the  motto  designating  the  Essay  to  which  the  Prize  has 
been  awarded  is  written,  and  shall  declare  the  name  of  the  author. 

5.  The  Chairman  of  the  Journal  C<unmittee  shall  alone  be  empowered  to 
open  the  motto-paper  of  any  Essay  not  obtaining  the  Prize,  that  he  may  think 
likely  to  be  useful  for  the  Society's  objects ;  with  a  view  of  consulting  the 
writer  confidentially  as  to  his  willingness  to  place  such  Essay  at  the  disposal 

of  the  Journal  Committee. 

G.  The  copyright  of  all  Essays  gaining  Prizes  shall  belong  to  the  Society, 
who  shall  accordingly  have  the  power  to  publish  the  whole  or  any  part  of  such 
p]ssays ;  and  the  other  Essays  will  be  returned  on  the  application  of  the 
writers  ;  but  the  Society  do  not  make  themselves  responsible  for  their  loss. 

7.  The  Society  are  not  bound  to  award  a  prize  unless  they  consider  one  of 
the  Essays  deserving  of  it. 

8.  In  all  reports  of  experiments  the  expenses  shall  be  accurately  detailed. 

9.  The  imperial  weights  and  measures  only  are  those  by  which  calculations 
are  to  be  made. 

10.  Kg  prize  shall  be  given  for  any  Essay  which  has  been  already  in  print. 

11.  Prizes  may  be  taken  in  money  or  plate,  at  the  option  of  the  successful 
candidate. 

12.  All  Essays  must  be  addressed  to  the  Secretary,  at  the  house  of  the 
Society. 


*  Competitors  are  requested  to  write  tiieir  motto  on  the  endceed  paper  on  which 
their  names  are  written,  as  well  as  on  the  outside  of  the  envelope. 


(     ^Ivi     ) 

iKembersC  ^ribfleges;  of  eventual  9toalpc«s(. 

The  Council  have  fixed  the  following  rates  of  Charge  for  Analyses 
to  be  made  by  the  Consulting  Chemist  for  Members  of  the  Society; 
who,  to  avoid  all  unnecessary  correspondence,  are  particularly  re- 
quested, when  applying  to  him,  to  mention  the  kind  of  analysis  they 
require,  and  to  quote  its  number  in  the  subjoined  schedule.  The 
charge  for  analysis,  together  with  the  carriage  of  the  specimens, 
must  be  paid  to  him  by  members  at  the  time  of  their  application. 

No.  1. — An  opinion  of  the  genuineness  of  Peruvian  guano    ..       6i. 

„  2. — ^An  analysis  of  guano ;  sliowing  the  proportion  of 
moisture,  organic  matter,  sand,  phosphate  of  lime, 
alkaline  salts,  and  ammonia  ..  ..  ..     lOs. 

„  3. — An  estimate  of  the  value  (relatively  to  the  average 
of  samples  in  the  market)  of  sulphate  and  muriate 
of  ammonia,  and  of  the  nitrates  of  potash  and  soda      10s. 

„    4. — An  analysis  of  superphospliate  of  lime  for  soluble 

phosphates  only         ..  ..      10», 

„    5. — ^An  analysis  of  superphosphate  of  lime,  showing  the  i 

proix)rtions  of  moisture,  organic  matter,  sand,  solu- 
hie  and  insoluble  pliosphates,  sulphate  of  lime,  and 
ammonia        ..  ..  ..  ..  ..  ..       £1,' 

„  6. — An  analysis  (sufficient  for  the  determination  of  its 
agricultural  value)  of  any  ordinary  arti6cial  ma- 
nure   ..  ..  ..  ..       £1. 

„  7. — ^Limestone  : — the  pro]K)rtion  of  lime,  75.  M. ;  the  pro- 
portion of  magnesia,  10s. ;  the  proportion  of  lime 
and  magnesia  ..  ..  ..  ..  ..     15«, 

„  8. — Limestones  or  marls,  including  carbonate,  phosphate, 
and  sulphate  of  lime,  and  magnesia  with  sand  and 
clay £1. 

„    9. — Partial  analysis  of  a  soil,  including  determinations  of 

clay,  sand,  organic  matter,  and  carbonate  of  lime  ..      £1, 

„  10. — Complete  analysis  of  a  soil      ..  ..         ,.  ..       £3. 

„  11. — An  analysis  of  oil-cake,  sliowing  the  proportion  of 
moisture,  oil,  mineral  matter,  albuminous  matter, 
and  woody  fibre ;  as  well  as  of  starch,  gum,  and 
sugar,  in  the  aggregate  ..       £1. 

„  12. — ^Analyses  of  animal  products,  refuse  substances  used 

for  manure,  &c.        ..  ..  ..     from  lOs.  to     30«. 

„  13. — Detennination  of  the  **  hardness  "  of  a  sample  of  water 

before  and  after  lx)iling         ..  ..  ..  ..     10«. 

„  14. — Analysis  of  water  of  land  drainage,  and  of  water  used 

for  irrigation  ..  ..  ..  ..  ..      £2, 

„  15. — Determination  of  nitric  acid  in  a  sample  of  water    ..      £1. 

N.B. — The  above  Scale  of  Charges  u  not  applicable  to  Analyses  made/or  Per' 
sons  comtnercially  engaged  in  the  Manufacture  or  Sale  of  Manures, 

Tiie  Address  of  Professor  Wat,  the  Consulting  Chemist  of  the  Society,  is  15, 
Welbeck  Street,  Cavendish  Square,  London,  (W),  to  which  all  letters  and  parcels 
should  be  directed. 

By  Order  of  the  Council, 

JAMES  HUDSON,  Secretary, 
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